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PREFACE   TO   VOL.   III.,   PART  IV. 

The  Fourth  Part  of  the  Treatise  on  Organic  Chemistry 
now  presented  to  the  public  includes  a  description  of  the 
Aromatic  Compounds  containing  seven  atoms  of  Carbon, 
and,  like  the  preceding  part,  forms  a  chapter  complete  in 
itself.  The  first  portion  is  concerned  with  the  Toluene 
Group,  then  come  the  Benzyl,  Benzoyl,  and  Hydrobenzyl 
Groups,  and  lastly  the  Xylene  Group  of  Eight  Carbon 
Compounds. 
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OKGANIC   CHEMISTRY, 

OR    THE    CHEMISTRY    OF    THE    HYDROCARBONS    AND    THEIR 

DERIVATIVES. 


PART  IV. 
TOLUENE  GROUP. 

Toluene  or  Methylbenzene,  CgHg.CHg. 

2017  This  hydrocarbon  was  discovered  by  Pelletier  and  Walter 
in  the  oil  obtained  as  a  by-product  in  the  manufacture  of  illu- 
minating gas  from  the  resin  of  Finns  maritiina.  They  named 
it  "  retinaphtha "  (rUinnaphie)  and  determined  its  composition 
accurately.^  Shortly  afterwards,  Couerbe  examined  the  liquid 
obtained  by  compressing  the  resin  gas,  and  isolated  from  it, 
among  other  hydrocarbons,  his  Heptax^arhure  quadrihydnqite, 
C^H^  (C=6),  which,  in  spite  of  some  differences,  he  believed  to 
be  identical  with  retinaphtha. ^  Deville  next  obtained  a  hydro- 
carbon of  the  same  composition  by  distilling  the  resin  contained 
in  Tolu  balsam.*  He  named  it  benzoene  (hcnzodrte),  because,  in 
the  first  place,  the  balsam  *  from  which  it  had  been  obtained 
contains  benzoic  acid ;  secondly,  because,  according  to  his  for- 
mula, tlie  hydrocarbon  may  be  looked  upon  as  the  type  of  the 

^  Ann.  Chim,  Phys.  Ixvii.  269  ;  Pogg.  Ann.  xliv.  8. 

'  Ann.  Chim.  Phys.  Ixix.  184  ;  Joum.  Prakt.  CJiem.  xviii.  165. 

'  Ann.  Chim.  Phys.  [3]  iii.  163  ;  Joum.  Prakt.  Chcm.  xxv.  336. 

*  Tolubalsam  is  obtained  by  incisions  made  in  the  bark  of  the  Myroxylon 
toluifera,  as  mentioned  by  the  Spanish  physician  Monardes  in  his  Ilistoria  de  las 
rosas  que  se  tracn  de  nucMras  Indias  occidentaleSf  wliich  first  appeared  complete 
in  Seville  in  1574,  and  in  which  he  says  that  the  balsam  was  colhuted  by  the 
Indians,  in  the  district  Tolu,  in  the  neighbourhood  of  Carthagena  (Flucki^ov  \s^l\x^i 
Hanbury,  Phjirmacographia). 

Ti  1 


AROMATIC  COMPOUNDS. 


benzoic  series,  and  finally,  because  this  name  was  similar  to  that 
of  benzine  (benzene),  to  which  the  substance  bears  the  greatest 
resemblance.  He  considered,  nevertheless,  that  benzoene  was 
not  identical,  but  isomeric  with  retinaphtha;  GMnard  and 
Boudault  also  considered  the  dracyl,  which  they  had  obtained, 
by  the  dry  distillation  of  dragon's  blood  (from  Calamvs  draco)} 
to  be  an  isomeride  of  the  former. 

Hofmann  and  Muspratt  then  showed  that  it  is  identical  with 
benzoene,  for  which  somewhat  unsuitable  name  Berzelius  sub- 
stituted that  of  toluol,^  soon  universally  accepted,  and  still  in 
use  on  the  Continent,  while  in  England  it  has  been  changed 
for  the  sake  of  consistency  into  toluene. 

A  complete  investigation  of  toluene  has  proved  that  not  only 
as  regards  its  empirical  formula,  but  in  all  its  properties,  it  is 
the  next  higher  homologue  of  benzene.  Deville,  as  well  as 
Glenard  and  Boudault,  had  already  obtained  from  it  nitrotoluene, 
C7H7NO2  (nitrobenzoene,  nitrodracyl),  by  the  action  of  nitric 
acid,  and  Hofmann  and  Muspratt  converted  this  by  reduction 
into  toluidine,  C7H7NH2,  which  resembles  aniline  very  closely.^ 

Noad  found  that  when  cymene,  CjqHj^,  which  is  a  constituent 
of  Roman  cumin-oil,  is  oxidized  with  nitric  acid,  toluic  acid, 
CgHgOo,  the  homologue  of  benzoic  acid,  is  formed,  and  on  dis- 
tillation with  caustic  baryta  decomposes  into  carbon  dioxide  and 
toluene,  a  reaction  which  corresponds  exactly  to  the  formation  of 
benzene  from  benzoic  acid.* 

The  relation  of  toluene  to  the  benzoic  series,  which  had 
already  been  pointed  out  by  the  French  chemists,  was  experir 
mentally  proved  by  Cannizzaro,  who  found  that  benzyl  alcohol, 
C7H7O,  which  is  converted  by  oxidation  into  benzoic  acid,  under- 
goes a  simultaneous  oxidation  and  reduction  when  heated  with 
concentrated  alcoholic  potash,  benzoic  acid  and  toluene  being 
formed.^ 

Finally,  Fittig  and  Tollens  ascertained  the  constitution  of 
toluene.  These  chemists  obtained  it  synthetically  by  the  action 
of  sodium  on  a  mixture  of  methyl  iodide  and  bromobenzene,®  by 
which  reaction  they  not  only  proved  that  the  product  is  methyl- 
benzene,  but  pointed  out  a  general  and  simple  method  by  which 
the  higher  homologues  can  be  prepared,  and  their  constitutions 
determined. 

^  Joum  Prakt.  Ckem.  xxxi.  Ill  ;  xxxiii.  466.  '  Jahresb.  xxii.  354. 

3  Chcm.  Soe.  Afem.  (184f:)ii.  367.  *  Ibid.  iii.  421. 

^  Ann.  Chan.  Fhann.  xc.  252.  •  Ibid,  cxxxi.  803. 
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Mansfield,  whose  results  were  subsetiuently  confirmed  by 
Ritthausen,  was  the  first  to  prove  that  light  coal-tar  oils  contain 
toluene  and  higher  homologues  as  well  as  benzene'  (Part  III. 
p.  66).  Toluene  also  occurs,  together  with  xylene,  in  wmxl-tar ; 
Cahours detected  it  in  crude  French  pyroligneous  acid,*  and  Volkel 
in  the  oil  which  comes  over  first  in  the  distillation  of  beech-wcnxl 
tar.*  It  is  also  found,  together  with  its  homologucH,  in  several 
varieties  of  petroleum,  such  as  that  from  Burmah  (Rafigrxin  tar),* 
as  well  as  in  the  liquid  obtained  by  the  comjn-essirm  of  the 
illuminating  gas  which  is  manufactured  by  heating  the  high 
boiling  portions  of  petroleum,  and  has  been  used  for  lighting 
railway  carriages.^  It  is  obtained  on  the  large  scale?  from  light 
coal-tar  oil,  and  is  chiefly  employed  in  the  crJour  industry. 

Properties. — Toluene  is  a  strongly  refractive  liquirl,  possessing 
a  smell  similar  to  that  of  benzene;  it  boils  at  110*3''  and  does 
not  solidify  at  —20"*.  Oxidizing  agents  convert  it  into  benzoic 
acid.  It  combines  with  aluminium  chloride  forming  the  com- 
pound Al^Clg+6  CyHg,  a  thickish,  orange-coloured  liquid,  which 
is  violently  decomposed  by  water  with  separation  of  toluene. 
A  similar  compound  is  formed  with  aluminium  bromide?.^ 

When  toluene  is  heated  with  aluminium  chloride  to  200^  a 
portion  of  it  is  converted  into  paradimethylbenzene,  paramethyl- 
ethylbenzene,  and  metamethylethylbenzene,  high  boiling  hydro- 
carbons being  also  formed,  while  benzene  under  the  same  con- 
ditions yields  toluene,  ethylbenzene  and  diphenyl. 

In  order  to  explain  this  remarkable  reaction,  Fri(jd(il  and 
Crafts  ^  assume  that  the  following  first  takes  place? : 

CeH,  +  AI3CI,  =  C^H,  Al^Cl,  +  HCI 
2CeHgAl2Cl5  -f  2HCl  =  Ci2Hi^^-f-2Al2Cle+2H.,. 

The  nascent  hydrogen  and  the  hydrochloric  acid  convc*rt  a 
portion  of  the  benzene  into  methyl  chloride  and  ethyl  chloride*, 
which  then  form  toluene  and  ethyl  benzene  (Pt.  III.  p.  14.) : 

CeH,.  A1,C1, + CH,C1  =  C,H,.CH,  +  A1,C1,. 

When  toluene  is  employed,  a  similar  reaction  takes  place ; 
methyl  chloride  is,  however,  probably  formed  simultaneously, 
according  to  the  equation  : 

CeHg.CHj  +  AL,C1,  =  C^H,  AI2CI5  +  CH3CI. 

^  Jaurrt.  Prakt,  Chem.  IxL  74.  '  Ann.  Chem.  Phann,  IxxvL  286. 

»  iWd.  Ixxxvi  335.  *  Joum.  PrakL  Chem.  Ixx.  300. 

•  GrcviUe  Williams,  Chem.  Newn^  xlix.  197. 

*  GmctaTBoiif  Ber.  Deutsch.  Chan.  Gcs.  xi.  2152.  ^  Com-pi.  rciul.  c.  ^Vi, 


6  AROMATIC  COMPOUNDS. 

When  one  part  of  chromium  oxyclUoride  is  dissolved  in  ten 
parts  of  carbon  disulphide,  and  the  sohition  allowed  to  drop  into 
a  mixture  of  oiie  part  of  toluene  and  ten  parts  of  carbon  disul- 
phide, a  chocolate-brown,  crystalline  precipitate  of  the  empirical 
formula  C7H8+2Cr02Cl2  is  formed;  this  is  soluble  in  glacial 
acetic  acid,  rapidly  absorbs  moisture,  and  is  decomposed  by 
water  with  formation  of  benzaldehyde  and  chromous  chromate, 
showing  that  it  is  benzidenedichloroclu*omic  acid  : 

/0CrCl2.0H 
CflHs.CH<  -f-  H^O  =  C0H5.CHO  +  4HC1  +  2Cr02. 

^OCrCVOH 

Alcohol  and  ether  exert  a  similar  action,  ethyl  chloride  being 
formed  in  these  cases.  On  heating  the  compound  to  240°— 245"*, 
the  chloride,  CgHg.CH  (OCrOCl)2,  is  obtained ;  it  has  a  darker 
colour  and  is  more  stable  iti  moist  air,  but  behaves  towards 
water  similarly  to  the  acid.^ 


ADDITION    PRODUCTS   OF  TOLUENE. 

2018  Dihydrotoluene,  C^Hj^^,  is  obtained  by  heating  toluene 
with  phosphonium  iodide  to  350",  and  is  a  liquid  boiling  at 
lOS^'-lOS^.^ 

Tetrahydrotolueney  CyH^g,  occurs  in  the  distillation  products  of 
pine  resin  and  colophonium,  which  are  obtained  on  the  large 
scale,  and  employed  in  the  manufacture  of  varnishes,  &c.  The 
fraction  boiling  below  300^  which  forms  the  smaller  portion  and 
is  known  as  "  resin  spirit "  or  "  essence  of  resin,"  is  a  mixture  of 
fetty  acids, aldehydes,  paraffins,  defines,  aromatic  hydrocarbons  and 
their  addition  products,*  among  which  is  tetrahydrotoluene.  This 
substance  is  a  liquid  boiling  at  103®— 105^  and  is  converted  by 
bromine  into  a  crystalline  bromide,  CyH^Br^.  Tetrahydrotoluene 
combines  with  water  to  form  a  hydrate,  07X1^24  211^0,  which 
crystallizes  in  long,  white  crystals,  and,  according  to  Renard,  is 
identical  with  Anderson's  colophonin,  0^111^02,  obtained  by 
exposing  resin  spirit  to  the  air  for  a  long  period  ;  *  while  accord- 

1  fitard,  Ann.  Chim.  Phys,  [5]  xxii.  223. 

*  Baeyer,  Ann.  Chem.  Pharm.  civ.  271. 

'  Kelbe,  ibid.  ccx.  10 ;  Kelbc  and  Bauer,  Bcr,  DctUsch.  Chan.  Qcs.  xvi.  2559 ; 
Renard,  Ann.  Chim.  Phys,  [6],  i.  223. 

*  Chem.  News,  xx.  76. 
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ing  to  Tichbome,  colophonin  hydrate,  CiqII^Oj  4-  HgO,  is  formed, 
and  loses  water  on  heating.^ 

Hexhydrotoluene,  C^Hj^,  is  prepared  by  heating  toluene  with 
a  large  excess  of  concentrated  hydriodic  acid  to  280°,^  and 
occurs  in  Baku  petroleum*  and  in  resin  spirit  (Renard).  It 
is  a  liquid  smelling  like  petroleum,  boiling  at  97^  and  having 
a  specific  gravity  of  772  at  0°.  A  mixture  of  concentrated 
sulphuric  and  nitric  acids  does  not  attack  it  in  the  cold,  but 
when  hot  oxidizes  it  completely. 


CHLORINE   SUBSTITUTION   PRODUCTS 

OF  TOLUENE. 

20ig  By  the  action  of  chlorine  on  toluene  in  the  dark,  Deville 
obtained  Benzoine  monochlorS,  C7H7CI,  as  a  thin  liquid  boiling  at 
170V  whilst  Cannizzaro  found  that  the  monochlorinated  toluene 
obtained  by  the  repeated  distillation  of  toluene  in  a  stream  of 
chlorine,  and  boiling  at  175®,  is  identical  with  benzyl  chloride, 
as  it  can  be  readily  converted  into  benzyl  alcohol.^  The  same 
compound  was  also  obtained  by  passing  chlorine  into  toluene, 
but  in  this  process  an  isomeric  compound  was  frequently  formed 
instead  of  the  benzyl  chloride,  and  this  proved  to  be  as  stable 
as  chlorobenzene.  These  enigmatical  results  were  explained  by 
Beilstein  and  Geitner,^  who  observed  that  the  action  of  chlorine 
on  toluene  varies  according  to  the  temperature  at  which  the 
chlorination  is  eflfected.  Benzyl  chloride  alone  is  formed  when 
the  mixture  is  hot,  while  the  stable  chlorotoluene  is  formed 
when  the  process  is  conducted  in  the  cold.  As,  however,  heat  is 
evolved  by  the  action  of  the  chlorine,  the  toluene,  if  used  in 
large  quantities  and  not  carefully  cooled,  may  become  heated 
almost  to  the  boiling  point,  benzyl  chloride  consequently  being 
formed  together  with  more  or  less  chlorotoluene.  The  nature  of 
this  mixture  can  readily  be  exhibited  by  oxidizing  it  with 
chromic  acid,  the  benzyl  chloride  being  thus  converted  into 
benzoic   acid,  and   the   chlorotoluene   into   chlorodracylic   acid 

*  Chtm.  NewSy  xx.  38. 

*  Wreden  and  Znatowicz,  Ann.  Chem.  Phann.  clxxxvii.  161. 

*  Beilstein  and  Kurbatow,  ibid.  xiii.  1818  ;  see  also  xiv.  1620. 

*  Ann.  Chim.  Phys.  [3],  iii.  178. 

*  Ann,  Chcm.  Pharm.  xcvi.  246  ;  ibid.  cxli.  198. 

*  Ihid.  cxxxix.  331. 
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(parachlorobenzoic  acid),  the  acids  being  readily  separated  by 
means  of  the  very  great  difference  in  their  solubilities  in  water. 

Beilstein  and  Geitner  fiirther  found  that  chl(m>tolaene  is  more 
rea^lily  obtained  by  dissolving  a  little  iodine  in  the  toluene  and 
then  chlorinating,  under  which  conditions  no  benzyl  chloride  is 
formerl  either  in  the  cold  or  on  heating. 

As  already  mentioned  (Part  III.  p.  17)  all  the  hydrogen  atoms 
of  the  aromatic  group  can  be  thus  replaced  by  chlorine,  whilst  at 
the  txiiling  point,  in  absence  of  iodine,  substitution  can  only  take 
pWre  in  the  methyl  group.  By  working  alternately  according  to 
thf»sf;;  two  methofls  no  octochlorotc4uene  can  be  obtained,  the 
final  pr^xlucts  being  pentachlorobenzidenc  chloride,  C^Clg.CHClj 
and  t^itrachlrjTobenzal  chloride,  C^HCl^.CClj.  If  these  be  heated 
with  antimony  pentachloride  in  order  to  eflfect  a  further  chlorina- 
tion,  thoy  decompose  with  formation  of  hexchlorobenzene.^ 


MONOCHLOROTOLUENES,  CgH^Cl.CHj. 

2020  Orthochlorotoluene  is  formed  only  in  small  quantities  by 
the  chlorination  of  toluene  in  the  presence  of  iodine :  it  may, 
how(;ver,  be  readily  obtained  from  orthotoluidine  by  means  of 
the  diazo-reaction.*  It  is  a  liquid  boiling  at  157®,  which  is 
oxirli/Xirl  by  potassium  permanganate  to  orthochlorobenzoic  acid, 
whilMt  chromic  acid  solution  produces  complete  oxidation.^ 

MHarhloroioliicne  is  not  formed  by  the  action  of  chlorine  on 
tohu'iie ;  it  has  been  prepared  from  metatoluidine,  as  well  as 
from  pfiratiJuidine  by  converting  this  into  acetoluide,  CgH^(CH3) 
^\\(i)^\^0)^  chlorinating  and  decomposing  the  product  by  heat- 
ing with  r;au8tic  potash ;  the  monochloroparatoluidine  thus  ob- 
taini'd  iH  (;onvert(id  into  the  diazoH3ompound,  and  then  decom- 
|Mm<rd  with  al>8olutc  alcf>hol ;  *  chloroparatoluidine  has,  therefore, 
th<!  following  constitution  r 

CH, 


NH,. 

*  Rciliitein  and  Kuhlberg,  Ann.  Chem.  Pharm.  cl.  286. 

'  Ibid,  clvi.  70  ;   GaficorowHki  and  Wayss,  Ber.  Deulseh.   Chem,  Ocs.  xviii. 
1030. 
'  Kmmerling,  Ber.  DnUach,  Chem.  Oea.  viii.  880. 

*  Wroblevsky,  Ann.  Chem.  Pharm.  clxviii,  199. 
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Hence  we  see  that,  on  the  chlorination  of  p.irat.oIuiiUiie,  the 
chlorine  takes  up  the  position  adjacent  to  the  basic  group,  nnd 
this  also  occiire  in  many  other  cases. 

Metachlorotolueiie  is  a  Uquid  which  boils  at  156°  Hn<l  is  con- 
verted by  oxidation  into  metacblorobenzoic  acid. 

PaTachloTotoluene  is  the  chief -prod  net  of  the  action  of  chlorine 
toluene  in  the  presence  of  iodine.^  It  is  advantageous  to 
substitute  molybdenum  pentachloride  for  iodine,  and  to  pass  the 
chlorine  tlu\>ngh  the  mixture  lieated  on  the  water-bath*  The 
jHT>duct  thus  obtained  does  pot  solidify  when  cooled  to  a  low 
temperature,  since  it  contlibs  various  substances,  such  us  tho 
artho-<MmpoTind,  &c.,  as  impurities.  If  the  parachlorotoluene 
be  prepared  &om  pamtoliiiduie.  It  is  obtained  in  a  pure  condi- 
tion, and  then  boils  at  ICOo"  and  solidifies  at  0°  to  a  foliaceous 
inasB,  melting  at  6o°.^  On  oxidation  it  is  converted  into  para- 
chlorobenzoic  acid. 


DlCHLOROTOLDENES,    0„H3Cl2.CH3. 

3031  When   toluene   is   treated   with   sufficient  chlorine  in 

I  jffcaence  of  iodine  or  molybdenum  pentachloriJe,  and  the  pro- 

bduct  purified  by  fractional  distillation,  a  liquid  boiling  at  196°  is 

^tbtained,*  which,  in  spite  of  its  constant  boiling  point,  is  not  a 

lite  compound,  but  a  mixture  of  three  dichlorotoluenes.     If 

lilcmne  be  passed  into  the  vapour  of  the  boiling  liquid  until  no 

rther  acUou  takes  place,  the  hydrogen  of  the  methyl  group  is 

placed  by  chlorine  and  the  corresponding  dichlorobenzenyl- 

pachlurides   formed ;  on  heating  with  water  to  200°  these  are 

»verted  into  three  dichlorobenzoic  acids : 

CaHgCl^.CCl.-l-  2H,0  =  CoHjGVCOjH  -(-  3HCI. 

Sie  formation  of  three  dichlorotolu ones  can  readily  he  explained  ; 
"  9  monochlorotoluene,  which  is  first  formed,  consists  chiefly  of 
para-compound,  which  can  yield  two  isomeric  dichloro- 
lenes,  whilst  the  third  is  formed  from  the  orthochlorotolueno 
irliich  is  also  present,  though  in  smaller  quantity. 
I  The    misture    appears    to    consist    chiefly    of   asymmetric 

'*  Btdlatein  and  Geitoer,  lor.,  til. 

*  AKnhcimitnd  Dict^il^h,  Ber.  Deittxh.  Chen   Im.  viii,  141)2. 

\  HBbnwuid  Majeit,  ihid.  vi.  7B4, 

'  BdlaleinsniiGeitner;  Beilatoiii  anil  KoliIhorR.  Ann.  Chtm.  Plutrm.  cl,  513; 

'^tt*.  ihid.  dixxvii.  263.     Aroiihcim  mid  DietnVli. 
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dichlorotoluene,  (CHjiCliCl— 1 :3  :4),  which  yields  the  cor- 
responding dichlorobenzoic  acid  on  oxidation. 

Dichlorotoluene  JiexcMoride,  CgH3Cl2(CH3)Cl<j,  is  obtained  by 
the  continued  action  of  chlorine  on  toluene  in  the  cold,  and 
crystallizes  from  carbon  disulphide  in  large  prisms  melting  at 
150°.  When  it  is  heated  with  alcoholic  potash  to  110°,  tetra- 
chloroiohtcne,  CgHCl^.CHo,  is  formed ;  this  compound  is  a  liquid 
boiling  at  280°-290°.i 

The  following  substitution  products  have  been  obtained  by 
the  continued  action  of  chlorine,  assisted  finally  by  the  addition 
of  antimony  chloride : 

Melting-  Boiliug- 

poiut.  point. 

a-Trichlorotoluene «    C6H2Cl3.CH3(2  :  4  ;  5)  82°  230° 

/9-Trichlorotoluene «    CeH2Cl3.CH3(2  :  3  :  4)  4^  232° 

Tetraclilorotoluene  4    CeHCl^.CHs  96°  276°  5 

Pentachlorotoluene  ^   CeClg.CHa  218°  301°. 


BROMINE   SUBSTITUTION   PRODUCTS   OF 

TOLUENE. 

2022  All  the  theoretically  possible  compounds  of  this  series 
are  known. 

MONOBROMOTOLUENES,  CgH^Br.CHj. 

Orihohromotoliune  is  formed,  together  with  a  larger  amount  of 
parabromotoluene,  by  the  bromination  of  toluene  in  the  cold. 
The  para-compound,  which  crystallizes  out,  is  removed  by 
pressing,  and  the  liquid  cooled  in  a  freezing  mixture,  in  order  to 
remove  as  much  of  the  solid  as  possible;  the  portion  which 
remains  liquid  is  then  dissolved  in  alcohol  and  distilled,  all  the 
remaining  parabromotoluene  volatilizing  in  the  vapour.®  The 
para-compound  may  also  be  removed  by  means  of  sodium,  which 
does  not  act  ui>on  the  ortho-compound  in  the  cold.^  In  order 
to  eflfect  this,  the  liquid  is  dissolved  in  benzene  and  allowed  to 
stand  over  sodium  for  eight  days ;  it  is  then  distilled,  and  the 
fiction  boiling  between  170°— 190°  treated  three  or  four  times 
in  the  same  way.® 

^  Pieper,  Ann,  Chcm.  Pharm.  cxlii.  304. 

*  Liinpricht,  ibUl  cxxxix.   826  ;   Sclmltz ;  Aronheini  and   Dietrich  ;    Secliff, 
Bcr.  DeuUch,  Chem.  Ges.  xviii.  420.  ^ 

\  Seelig.  4  LimiHicht ;  Bcilstoin  and  Kuhlbcrg. 

»  BeiUtcin  and  Kuhllwrg.  * 

•  Hiibner  and  Jannasch,  Ann,  Ch€m.  Phann.  dxx.  117. 

'  Luginin,  BuU,  Soe.  Chim,  iv.  514.  »  Reymaun,  ibid,  xxvL  638. 


» 


Orthobromotoluene  has  also  been  prepared  from  ,  ortho- 
toluidine  by  means  of  the  diazo-rtf action.'  It  Is  a  liquid,  boiling 
at  182°— 183°  and  is  oxidized  by  dilute  nitric  arid  to  ortliobromo- 
Ijeuzoic  acid,  while  chromic  acid  causes  complete  combustion, 

Jlclalrmjwtolucne  has  been  obtained  from  metatoluidine  and 
from  parnbromotoluidine  fWroblevsky).*  It  b  a  liquid  which 
boils  at  184>'3°  (Kiimer)  and  does  not  solidify  at  —  20", 

rarabromotolvenc.  The  separation  of  this  from  orthobromo- 
toluene is  described  above.  It  may  be  more  rapidly  effected  by 
a^tating  the  rectified  mixture  witli  half  its  volume  of  fuming 
sulphuric  acid;  the  parabromotoluene  separates  out  as  a 
crystalline  mass  after  some  time."  It  boils  at  ISa'o",*  and  is 
deposited  from  an  alcoholic  solution  in  rhombic  crystals  melting 
at  28"5'.  When  given  to  a  dog,  it  appears  in  the  urine  as 
parabromohippuric  acid  and  parabromobenzoic  acid.  When  it  is 
treated  with  chromium  oxychloride,  bromobenzidenedichloro- 
diromyl  chloride,  CgH4Br.CH(OCrOCl)s  is  formed  as  a  brown 
predpitate  which  is  decomposed  by  water  with  formation  of 
parabroniobenzaldehydo  (6tard). 


DiBROMOTOLUENES,  CoH3Br,,.CH3. 

ao23  These  have  been  prepared  from  the  monobromotoluidinea 
['by  the  replacement  of  the  amido-group  by  bromine,  and  fix)m 
B'the  dibromotoluidiues  by  the  replacement  of  the  amido-group 
\\y  hydrogen."  The  first  compound  in  the  following  list  has  also 
ti  obtained  by  the  direct  bromination  of  toluene  ;  the  process 
■goes  on  mucli  more  rapidly  in  the  presence  of  iodino  and  in  the 
I  sunlight.^ 


1 


hijuid,  docs  not  solidify  at  —  20° 


solid  .... 
long  needles 


>  WroHavsky,  Aim.  Clieia.  Pharm.  clxviii. 

•  8m  also  Grate,  ibid,  tbixyii.  231. 
■  Hftbaeruiil  WsJlaL-h,  Ann.  CKcot.  Pliarin.  uliv.  2»3. 

•  Hubner  soil  I'osC,  V)id.  clxix.  6. 

•  WrotloTsky,  ibid,  ckviii.   ISl  ;  NuvUlu  iinii  Wmtlii 


Mdliitg 
point. 

Boiling 
240° 

— 

24G' 

- 

236° 

28= 

_ 

39° 

240° 

3. 
er,    B',r. 

Dculseh.  Vhrm 

'.IM. 


-m.  Pha, 
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On  treatment  with  nitric  acid  thej  jieU  aD  the  mooooitro- 
compoanrb  which  are  theoreticaQj  poosibie ;  meet  of  these  com- 
pofindu  crjBtallize  in  needles. 


Tribbomotolue^es,  C^H^j-CH, 


These  are  obtained   in  a 


compoan/hi,^ 

r.-H,  :  Br  :  Br  :  Br  : 

3  4  5 

2  3  4 

2  4  6 

2  3  5 

2  4  5 

2  5  6 


crystals  .    . 
crystals  .    . 
long  needles 
flat  needles 
long  needles 
flat  needles 


manner  to  the  preceding 


Melting- 
point. 

88*— «r 

46* 

er 

52"5 
58"— 59" 


Boflin^ 
point. 


29(r 


TETRABBOMOTOLUESnCS,  C^HBr^.CH,.* 


1 

;  Bri 

2 

!  Br  : 
.3 

Br: 

4 

Br: 
o 

thin  needles  . 

Melting- 
point. 

iir   iir5 

Boiling- 
point. 

1 

2 

3 

0 

6 

fine  needles    . 

116"  iir 

1 

2 

3 

4 

6 

crystals  .    .    . 

105"     108" 

Pentahromotoluene,  CgBr^.CH^  is  formed  when  toluene  is 
allowwl  to  drop  into  bromine  which  is  free  from  chlorine  and  to 
which  nome  aluminium  bromide  has  been  added,  as  well  as  by 
r(5[)lar.'ing  the  amido-group  of  tetrabromotoluidine  by  bromine 
(Neville  and  Winther).  It  crystallizes  from  benzene  in  long 
noodles,  melting  at  282"— 283". 

When  t^)luene  is  treated  with  an  excess  of  bromine  containing 
icKlifio,  and  the  temperature  finally  allowed  to  rise  to  350" — 400", 
h(jxbroinolK;nzoric  and  tetrabromomethane  are  formed,  the  latter 
l)ciiig,  however,  for  the  most  part  converted  into  the  former.^ 


'  Wrcihlnviiky  ;  Neville  and  Winther,  loc.  cU. 

'  Ibid.  •  GcBsncr,  Bcr,  Deutsch,  Chcm,  Gcs,  ix.  1508. 
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IODINE    SUBSTITUTION    PRODUCTS    OP 

TOLUENE. 

Only  the  mono-iodotoluenes,  C^H^I.CHj,  which  are  obtained 
from  the  toluidines,  are  known.^ 

Boiling-  Melting- 

point,  point. 

Ortho-iodotoluene         liquid  .    .  204*" 

Meta-iodotoluene  „     .    .  204' 

Para-iodotoluene  plates  .    .  211*''5  35* 


FLUORINE  SUBSTITUTION  PRODUCTS  OF 

TOLUENE. 

Fluotoluene,  CgH^F.CH,,  is  formed  when  the  diazo-compound 
obtained  from  paramidotoluenesulphonic  acid  is  decomposed 
with  strong  hydrofluoric  acid.  It  is  a  liquid  smelling  of  bitter 
almonds,  and  boiling  at  114*".^ 


NITRO-SUBSTITUTION   PRODUCTS  OP 

TOLUENE. 

MONONITROTOLUENES,  CgH^(N0.2)CH3. 

2024  By  dissolving  toluene  in  fuming  nitric  acid  and  pre- 
cipitating with  water,  Deville  obtained  nitrotoluene  (protonitro- 
henzohie)  as  a  colourless  liquid  boiling  at  225'',  and  possessing  a 
smell  of  bitter  almonds  and  a  very  sweet,  somewhat  biting  taste. 
This  compound  was  then  repeatedly  prepared  by  many  chemists, 
who  confirmed  Deville's  statements. 

These  circumstances  served  to  render  the  following  observations 
of  Jaworsky  the  more  remarkable;  this  chemist  found  that 
when  nitrotoluene  is  dissolved  in  fuming  nitric  acid,  and  water 
added  to  the  solution,  a  precipitate  is  formed  which  separates 
from  a  hot,  alcohohc  solution  in  lustrous  crystals  melting  at  54° 

*  Beilstein  and  Kuhlberg,  Ann.  Chem,  Pharm,  clviii.  147  ;  Korner,  ZcUschr. 
Chan.  clxxxviiL  327. 

*  Paterno  and  Oliveri,  Gaz,  Chim.  lUil,  xiii.  533. 
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and  which,  boiling  without  decomposition  at  238°,  has  exactly 
the  same  composition  as  nitrotoluene.  He  obtained  the  same 
compound  by  continuing  the  distillation  of  the  liquid  nitrotoluene 
to  240** ;  the  residue,  which  solidified  on  cooling,  was  identical 
with  the  product  obtained  by  the  other  method.  He  concluded 
from  these  experiments  that  pure  nitrotoluene  is  a  solid  body, 
the  crystallizing  power  of  which  is  usually  destroyed  by  liquid 
impurities,  these  also  having  the  power  of  lowering  the  boiling 
point.^ 

These  observations  were  confirmed  by  other  chemists  and 
were  even  taken  advantage  of  commercially,  for  well  crystallized 
nitrotoluene  was  manufactured  on  the  large  scale  in  Paris  in 
1867.  Alexejew  confirmed  Jaworsky's  view  by  obtaining  the  same 
azotoluene  from  the  solid  as  from  the  liquid  nitrotoluene.*  He 
also  found  that  the  solid  compound  is  converted  by  reduction 
into  a  solid  toluidine,*  which  could  not  be  obtained  from  the 
liquid  compound. 

Kekule,  who  also  investigated  these  facts,  confirmed  the 
above  observation,  and  showed  in  addition  that  the  solid  nitro- 
toluene is  more  readily  oxidized  to  paranitrobenzoic  acid  and 
gives  a  better  yield  than  the  liquid ;  the  lower  boiling  portion 
of  the  latter  yielded  a  liquid  toluidine  containing  aniline,  and 
he  therefore  considered  it  probable  that  the  substance  which 
had  up  to  that  time  been  looked  upon  as  nitrotoluene  was  a 
mixture  of  nitrobenzene  and  nitrotoluene.* 

Roscnstichl,  however,  made  the  discovery  that  the  ordinary 
litjuid  toluidine  is  a  mixture  of  the  solid  with  the  isomeric  pseudo- 
toluidinc,^  and  that,  consequently,  two  nitrotoluenes  are  formed  by 
the  nitration  of  toluene.®  In  order  to  decide  the  question 
whether  toluene  itself  is  a  mixture  of  two  isomeric  hydrocarbons, 
he  investigated  the  behaviour  of  samples  of  toluene  from  various 
sources  towards  nitric  acid.  He  took  some  which  had  been 
previously  exposed  to  a  red  heat,  and  some  which  he  htul 
obtained  by  the  decomposition  of  xylene,  CgH^(CH3)jj,  at  a  high 
temperature.  He  also  investigated  toluene  synthetically 
prepared,  and  that  obtained  from  Tolu  balsam.  In  all  cases  he 
obtained  the  two  toluidines.  Finally,  Bei-thelot  reduced  these 
by  heating  with  hydriodic  acid  and  obtained  one  and  the  same 
toluene.^ 


1  ZcUsehr,  Chctn.  1865,  222. 
»  B%ai.  Soe,  Chim,  vii.  876. 
*  Ibid.  1868,  557. 
7  Ibid. 


2  Ibid,  1866,  269. 

*  ZcUsehr.  Cheia.  1867,  225. 

«  Ibid.  1869,  190. 
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Hence  the  supposition  appeared  not  improbable  that  the  lower 
boiling  portion  of  ordinary  nitrotoluene  would  be  an  isomeride 
of  the  solid  compound,  which  yields  the  pseudotr)luidine ; 
Rosenstiehl,  however,  singularly  enough,  did  not  investigate  this 
point,  and  it  was  reserved  foi  Beilstein  and  Kuhlberg  to  answer 
the  question.  These  chemists  had  already  prepared  the 
liquid  /9-nitrotoluene  from  dinitrotoluene,  by  converting  the 
latter  into  nitrotoluidine,  CgH3(NH2)(N02).CH3,  by  partial 
reduction  with  ammonium  sulphide,  and  then  replacing  the 
amido-group  by  hydrogen.  They  then  found  that  this  nitro- 
toluene, which  they  called  metanitrotoluene,  but  which  is  now 
knovm  as  the  ortho-compound,  forms  the  more  volatile  portion  of 
crude  nitrotoluene  and  can  be  separated  from  the  soUd  paranitro- 
toluene  by  repeated  careful  fi-actional  distillation.^ 

A  small  quantity  of  metanitrotoluene  is  formed,  together  with 
the  ortho-  and  para-compounds,  by  the  action  of  fuming  nitric 
acid  on  toluene.^  The  relative  quantities  of  the  two  chief  pro- 
ducts which  are  formed  depend  upon  the  concentration  of  the 
acid,  and  the  temperature  at  which  the  nitration  is  elBfected. 
When  a  very  concentrated  acid  is  employed  and  the  temperature 
allowed  to  rise,  paranitrotoluene  is  chiefly  obtained,  while  the 
yield  of  the  ortho-compound  is  greatly  increased  by  employing  a 
weaker  acid  and  coohng  the  mixture  well. 

The  nitrotoluenes  are  manufactured  on  the  large  scale,  by 
mixing  10  parts  of  toluene  with  11  parts  of  nitric  acid  of 
specific  gravity  122  and  1  part  of  sulphuric  acid  of  specific 
gravity  1*33  with  continual  agitation,  in  the  apparatus  used 
for  the  manufacture  of  nitrobenzene ;  the  mixture  is  then 
either  cooled  or  kept  warm  according  to  the  product  desired. 
The  crude  product  is  washed  Avith  water  and  caustic  soda 
solution,  freed  from  unattacked  toluene  by  distillation  Avith 
steam,  and  then  distilled  with  super -heated  steam.  The 
distillate  is  then  repeatedly  fractionated ;  the  larger  portion  of 
the  fraction  distilling  above  230**  solidifies  on  cooling,  and  the 
crystals,  after  purification  by  di-aining  and  pressing,  yield  pure 
paranitrotoluene  on  distillation;  the  fraction  boiling  between 
222** — 223"*  consists  chiefly  of  orthonitrotoluene,  while  the  inter- 
mediate fractions  contain  some  of  the  meta-compound. 

OrtJionitrotolii^ne  is  obtained  pure  when  the  amido-gi'oup  of 
the  isomeric  nitrotoluidines,  which  contain  the  nitroxyl  in  the 

^  Ann.  Chnn.  Pharm.  civ.  i. 

'  Monnct,  Rcvordin  and  Nolting,  Bcr.  DeiUsch.  Chcm.  Oca,  xii.  446. 
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ortho-relation  to  the  methyl  group,  is  replaced  by  hydrogen: 
this  is  best  efifected  by  heating  the  compound  with  alcohol 
saturated  with  nitrogen  trioxide.  It  is  a  liquid  which  boils  at 
223**,  does  not  solidify  at  —  20°,  and  has  a  specific  gravity  of  1*163 
at  23-5^ 

Metanitrotoluene  is  prepared  by  the  same  method  from  the 
corresponding  nitrotoluidine.  It  solidifies  in  a  freezing  mixture 
to  crystals  which  melt  at  16° ;  it  boils  at  230° — 231°,  and  has  a 
specific  gravity  of  11 68  at  22°> 

Paranitrotoluene  boils  at  238°,  and  on  the  gradual  evaporation 
of  its  alcoholic  or  ethereal  solution  separates  in  large,  thick 
rhombic  crystals  melting  at  54°. 

DiNITROTOLUENES,  C^U^  (N02)2,CH3. 

2025  Ordinary  Dmitrotoluene  (CH3  :  NO^  :  NO^  =  1  :  2  :  4) 
was  obtained  by  Deville,  and  is  formed  by  the  further  nitration 
of  ortho-  and  para-nitrotoluene.  In  order  to  prepare  it,  toluene  is 
run  into  fuming  nitric  acid,  without  any  special  cooling,  until  oily 
drops  separate  out ;  the  mixture  is  then  allowed  to  cool,  and  an 
equal  volume  of  sulphuric  acid  gradually  added,  the  whole  being 
then  boiled  for  half  an*  hour,  poured  into  snow,  and  the  precipi- 
tate recryatallized  from  hot  carbon  disulphide.*  It  crystallizes  in 
long,  monoclinic  needles,  which  melt  at  72°,  are  only  slightly 
soluble  in  cold  alcohol,  and  still  less  so  in  cold  carbon  disulphide, 
but  dissolve  readily  in  boiling  benzene. 

In  the  manufacture  of  dinitrotoluene  on  the  large  scale,  a 
liquid  by-product  is  obtained,  which  was  formerly  considered  to 
be  an  isomeric  dinitrotoluene.^  According  to  Glaus  and  Becker  it 
is  a  mixture  of  ordinary  dinitrotoluene,  orthodinitrotoluene,  and 
orthomononitrotolucne.*  Limpricht  found  that  1:2:5  dinitro- 
toluene is  also  contained  in  it ;  he  did  not  isolate  this  compound 
but  converted  it  into  the  corresponding  nitrotoluidine.^  Nolting 
and  Witt,  who  examined  a  larger  quantity  of  the  by-product, 
obtained  from  it  by  distillation  in  a  rapid  current  of  steam  40 
per  cent,  of  mononitrotoluenes,  consisting  of  almost  equal  parts 
of  the   para-  and  meta-compounds,  the  ortho-compound  being 

*  Beilstoin  and  Kuhlbcrg,  Ann.  Chcm.  Pharm.  clviii.  318. 
-  Ibid.  clvi.  13. 

'  liosoustichl,  Ann.  Chim.  Phys.  [4]  xxvii.  407.  Cuiiertli,  Ann.  Cfuyin.  Phann, 
clxxii.  222. 

*  Claosand  Becker,  Ber.  DciUsch,  Cficin.  Oct.  xvL  1596. 
»  Ibid,  xviii.  1400. 
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present  only  in  very  small  amount.  Although  metanitrotoluene 
ft  only  formed  to  a  small  extent  by  the  nitration  of  toluene, 
itB  presence  in  comparatively  large  quantities  in  the  mixture  can 
be  readily  understood,  as  it  resists  the  further  action  of  nitric 
icid  much  more  strongly  than  its  isomeridea;  it  therefore 
accumulates  in  the  by-product,  while  the  more  readily  attacked 
ortlio-compound  almost  disappears.' 

Orl/todinitroColuene  (1:2:6)  can  beat  be 'obtained  pure  by  con- 
verting fl-trinitrotoluenc  into  dinitroparatoluidine,  and  replacing 
the  amido-group  of  this  by  hydrogen.  It  crystallizes  in  broad, 
golden  needles,  melting  at  60° — 61°.* 

SymTiiftrie  IHnitTvliitwenr-  (1 :  3  :  5)  may  be  prepared  from  the 
dinitroparatoluidine  which  melts  at  168°,  and  from  the  dinitro- 
orthololuidine  melting  at  208°,  by  suspending  these  in  concen- 
trated nitric  acid  Eind  saturating  the  well-cooled  liquid  with 
nitrogen  trioxide ;  the  product  is  then  brought  in  small  portions 
at  a  time  into  eight  or  ten  parts  of  absolute  alcohol,  the  solution 
eoolod  as  soon  as  the  evolution  of  nitrogen  has  ceased,  and  the 
dinitrotoiuene  then  precipitated  with  water.  On  recrystallization 
from  hot  water  it  is  obtained  in  small  needles,  whilst  it 
crystallizes  from  petroleum  spirit  in  small  prisms,  which  join  to 
form  chain- like  masses.  Itmelts  at  92°  and  combines  with  benzene, 
forming  a  double  compound,  C,H(,  (NO  j)j  -|-  CgH^.  crystallizing  in 
prisms  which  effloresce  in  the  air.' 

y-SmiirotolucJie.  Beilstein  and  Kuhlborg  obtained  this  com- 
md  by  ngitating  metanitrotoluene  with  nitric  acid  of  specific 

ivity  1'54  for  a  long  time.  It  crystallizes  from  carbon 
I|^ude  in  long  needles  melting  at  60°. 


Tkinitrotoli:emes,  CgH,  (NO^^  CHg. 

9oa6  a-THnilroioluene  (1  ;  2 :  4 1  6)  is  formed  when  toluene ' 
or  ordinary  dinitrotoiuene*  is  heated  for  some  days  with  a  mixture 
of  nitric  and  sulphuric  acids.  It  may  be  more  rapidly  prepared 
by  dropping  toluene  into  a  mixture  of  pure  nitric  acid  and 
sulphuric  acid  containing  a  large  quantity  of  sulphur  trioxide 
and  warming  on  the  water-bath."     It  is  very  slightly  soluble  in 

'  Clans  «nd  Becker,  Ber.  Dniljvh.  Chrm.  8a.  »viij.  lS3fl. 

■  BUidel  and  Becker,  LUbig'a  Ann.  ccxvii.  20S  ;  SUdet,  md.  ccxxv.  3S4. 

■  SUdel,  BfT.IkutMh.  Chtm.  Ott.xxv.  901  ■,Z4eMg'iJiin.c<:x\ii.lS9\  Hlibner, 
U.  cexxS.  H ;  NbtiIIb  and  Winther,  Ber.  DetUteh.  Chem.  On.  ivj.  2986. 

*  Wilbmndt.  Ann.  Ohem.  Pkarm.  <»xviii.  ITS. 
"  TMiimiiii,  &r.  Deuttrk.  Chem.  Ota.  ill.  217. 
I.  Schnijtt,  prifil«  cotnmiiiiicalion, 

. — PART  IV.  r. 
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cold,  more  readily  in  hot  alcohol,  from  which  it  crystallizes  in  large, 
rhombic  tablets  or  golden  needles  melting  at  82**.  On  heating 
with  ten  times  its  weight  of  fuming  nitric  acid  to  180**  it  is  con- 
verted into  symmetric  trinitrobenzene.^  When  aniline  is  added 
to  its  alcoholic  solution,  the  compound  C7H5(N02)3  +  C^HyN 
is  obtained  in  long,  red,  lustrous  needles  melting  at  83** — 84°.* 

fi'Trinitrotolvrene.  Beilstein  and  Kuhlberg,  by  boiling  meta- 
nitrotoluene  with  nitric  and  sulphuric  acids,  obtained  a  tri- 
nitrotoluene, the  purity  of  which  they  doubted,  adding  that 
the  small  quantity  of  substance  obtained  by  them  was  probably 
a  mixture.  Hepp  then  proved  that  at  least  two  trinitrotoluenes  are 
formed  frx)m  metanitrotoluene,  and  that  these  can  be  separated 
by  repeated  crystallization  from  alcohol  or  carbon  disulphide. 

/9-Trinitrotoluene,  which  is  only  formed  in  small  quantity,  is 
readily  soluble  in  carbon  disulphide,  slightly  in  cold,  more  readily 
in  hot  alcohol,  and  freely  in  ether  and  acetone.  It  crystallizes  on 
the  gradual  evaporation  of  its  solution  in  the  last-named  solvent 
in  transparent,  asymmetric  prisms  melting  at  112";  whilst  it 
separates  from  alcohol  in  dazzling  white  plates  or  flat  needles. 
On  heating  with  alcoholic  ammonia,  a  dinitrotoluidine  is  formed 
which  melts  at  94"* ;  it  is  also  readily  attacked  by  aniline  and 
caustic  soda  solution. 

y-Tnnitrotoluene  is  only  very  slightly  soluble  in  carbon  di- 
sulphide and  cold  alcohol,  and  separates  from  hot  alcohol  in  hard, 
compact,  yellowish  white  crystals,  while  it  crystallizes  from 
acetone  in  small,  hexagonal  tablets,  melting  at  104^ 

Concentrated  alcoholic  ammonia  converts  it,  even  in  the  cold, 
into  a  dinitrotoluidine,  melting  at  192°— 193^ 

On  adding  aniline  to  a  hot,  alcoholic  solution  of  7-trinitro- 
toluene,  combination  does  not  occur  as  in  the  case  of  the 
sjrmmetric  trinitrotoluene,  but  7-dinitrotolylphenylamine  is  ob- 
tained, diazo-amidobenzene  beingprobably  simultaneously  formed  : 

CH,.CeH,(NO0, + 3C,H,.NH,  = 
CH,.C,H,(NO^,N(CeH,)H  -h  CeH,N^NH.C,H,  +  2H,0. 

This  compound  forms  orange-coloured  needles  melting  at  142°. 

7-Trinitrotoluene  is  also  readily  attacked  by  caustic  soda  solu- 
tion, and  it  must,  therefore,  Uke  /9-trinitrotoluene  contain  two 
nitroxyls  in  adjacent  positions  (Part  III.  p.  92). 

1  aaua  and  Becker,  Ber.  DeuUch.  Chem.  Qea,  xvi.  1696. 
'  Hepp,  Liebig*s  Ann.  ccxv.  844. 
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CHLORONITROTOLUENES,  CoHjCl(NOj)CHs. 

3027  FaraeMororthonilrololaenc  [i  :  2)  has  been  prepared  from 
ordinary  dinitrotolueije.  It  is  slightly  soluble  in  cold  alcohol, 
readily  volatilizes  with  steam,  and  crystallizes  in  needles  melting 
at  38'.     It  is  not  attacked  by  chromic  acid  solution,' 

Orthochloroparanitrotoiitene  {2  : 4).  Wachendorff  obtained  this 
compound  by  heating  paranitrotoluene  with  antimony  chloride 
to  100°.  It  is  very  readily  volatile  in  steam,  dissolves  freely  in 
alcohol,  and  forms  long,  pointed  crystals  melting  at  64'— 65°. 
Potassium  permanganate  oxidizes  it  to  chloronitrobenzoic  acid.* 
Lellmann  has  converted  it  into  orthochlorotoluene  and  ortho- 
chlorobenzoic  acid.* 

Wachendorff  found  that  metanitrotoluene  could  not  be  chlori- 
nated. Wroblevsky,  by  the  action  of  nitric  acid  on  crude 
liquid  chlorotoluene,  obtained  two  liquid  nitrochlorotoluenes ;  * 
Engelbreeht,  on  the  other  hand,  employing  crystalline  para- 
chlorotoluene,  obtained  two  solid  compounds  which  he  was  unable 
to  separate  completely.' 

PantckloTometaioluene  (4 : 3}  has  been  prepared  from  meta- 
nitroparatoluidine  by  means  of  the  diazo-reaction,  and  is  identical 
with  one  of  Wroblevsky's  compounds.  It  is  a  strongly  refractive, 
golden-yellow  liquid,  which  boils  at  260''-261°  and  aolidifiea  at 
a  low  temperature  to  yellow  needles  melting  at  7°." 


BROMONITROTOLUENES,  C,H,Br(NOj).CH..i 


crystals  .... 
needles    .... 

liquid 

prisms  ^  .  .  .  . 
rhombic  crystals" 
fine  needles  **  .  . 
crystab     .... 


Melting- point. 
76-3° 
74°— 75° 


31'— 32' 


.  Phamn.  olriii.  SB8. 

■  B^.  DcMlsek.  Oufm.  Oa.  ivii.  531. 

'  Bit.  DcKlxh.  Chan.  Oa.  rii.  797. 
2699. 


■  Bcibteiu  anil  Knhlbeig,  Av.n.  CI 
«  IMd.  cluxT.  273. 
•  Jnn.  Chtm.  Pbana.  cliviu.  203, 

■  OmtterTDaDa  nnd  Kuaer,  ibid,  xv 
'  Herille  and  Wiothar,  iMrf.  liv.  An. 

■  Wroblenky,  Ann.  Chan.  Pharm.  cxcii.  203. 
»  Greta,  Hid.  cliivii.  246. 

**BulAcin  and  KubJbcrg,  lliibnt-r  and  Ruos,  Bcr.  Dcuiaeh.  Cfion.  0«.  "i 
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Toag  mrT^m^diifJipiamk md  CH,:SO^:SO^=i   2.4) 

m  *  thdck  liifTia  wtir.t  eaa  be  beatef  abo^  if>y  witlwrt  de^ 

a&a  pinr«dpt«ik  aeuis  wirii  faming  wi^nric  mdij^  w  weD  as 
lyr  pwrnn^  vixKne  vapOTr  iiiiu>  <MQc«Liara»l   SQlpbnnc  add 

irJnU<^  m  warm  was«r,  and  cry^iaffiaea  in  tnams  inekiii?  at 

Senbofer  aui  Fofber,  by  beating  vJnMe  whii  a  mmnre  of 
folpbtiric  acid  and  fybofiphoms  pemoxiie.  obcamed  a  7-t<^aeiie- 
ffiilpbobk  add,*  wbicb  is,  accrj^diiig  to  CIa*?ag*jD^  identical  with 
tbi=;  a-add/ 

fi-TotwtJfudimiJiphKmu:  aeid  is  ob«am«Efi  in  small  qoantities  in 
X\tH  preparation  of  the  a-compxind,  and  is  also  fiwined  when 
toloeiMfinetainilpbcAic  acid  is  treated  with  faming  solphoric  add 
(HakamMoo;,     Its  amide  melts  at  224'  (Claesaon;. 

y-TolutfuAvnUphr/tiu^  atid  (1 :3:  5;.  When  orthGtolnidine  is 
heaUA  with  fdming  sulphraic  add  or  with  chlorosolphonic  add, 
trJuirlinerlistilpbonic  add  (CH, :  NHj :  SOjH  :  SO^  =  l  ;  9  : 3 ..  5) 
is  fffrmeil ;  this  yields  a  crystalline  diazo-compcmnd,  C^C^H 
(N/}O^SO,H,  which  is,  according  to  Ne\-ille  and  Winther,  am* 
verUxl  into  the  tolnenedisulphonic  add  by  heating  with  absolute 
hlafhiA  under  pressure,^  while  Limpricht  and  Hasse  observed 
that  irthoxyt^Juenf^isulphonic  add,  CH,.C^H,(0C,H5)(SO,H), 
is  thus  ff/rmrjrl.  In  order  to  obtain  the  former,  the  diazo-com- 
[loiirid  is  Cf/nvcrted  into  iodotoluenedisulphonic  acid,  and  this 
h«;aU^]  with  coric^.'ntrated  hydriodic  acid. 

7-Tolijeruj<lisijlpbonicadd  forms  an  amide  which  crystallizes  in 
small  lustrous  plat<^  melting  above  240^® 


TdLUKNETRWULPHONIC  ACIDS,  CeHj(CH3)(S0jH),. 

Only  on<j  of  tho  six  tolucnctrirulphonic  acids  which  are  theo- 
retically i»ossi1)le  is  known ;  it  is  obtained  by  gradually  heating 

*  lUkAiiMKiti,  //#r.  iJmUeh,  Cham,  Oea.  v.  1084 ;  Cloesson  and  Bey,  ibid,  xiii. 
1170. 

■  (hiflhm,  iitid.  x.  642  ;  hm  aIm  FAhlbcrg.  OnA,  zii.  1062. 

*  Ann*  dhftn,  Vhnrm,  oliiv.  226. 

«  lit,  DmUueh.  Chim,  (fM.  zvii.  Kof.  284. 

*  Ibid.  ar.  8998.  •  Jbid.  xviii.  2177. 
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potaisBhiin  «-tohiesiedisD]|iS)anmxe  with  three"  moIorQW  of  chloro^ 
sq]]^kkuc  ftcad  to  ^40*",  nntil  the  product  iarmsi  k  doM-  itohmom 
in  water.  The  bftrnnn  sah  is  thon  put^piuvd,  md  from  this 
tlfte  potttSFdnm  sah,  which  is  coDTertod  by  the  nction  of  pihosK 
pboras  peDtftdiknide  into  tokieiietrisalphonic  chKvido,  Oi^H^ 
(CH^)(SOjOl)f,  which  ciTStftllLaes(  from  chlorofonn  in  rhombio 
tablets  melting  mt  15S^  On  beating  with  water  to  ISC'-IM"' 
tbe  iree  mod  is  obtained ;  it  crrst&Uiaes  with  six  n^oleculos  of 
watar  in  kmg,  fine  needles.^ 


MONOHYDROXYTOLUENES  AND  ALLIED 

BODIE& 

CH, 
The  Cresols,  CJI-< 

2030  In  1851  Stadeler  discovered  in  the  urine  of  Hie  cow, 
together  with  phenylic  acid,  a  veiy  similar  body  which  he  namo() 
Taurylic  acid,  and  considered  to  be  the  nejct  higlier  homologtie  of 
phenylic  add,*  As  the  question  was  subsequently  raisoil  wheUier 
the  oreosote  discovered  by  Rcichenbach  in  wood-tar  is  identical 
with  phenol  or  not,  Fairlie,  under  Williamson's  directions,  con- 
ducted an  investigation  ou  the  so-called  coal-tar  creosote  (IWt 
III,  p.  70)  and  found  in  it  "  htfdratt  of  crrsffK'  CyHgO,  the 
homologue  of  phenyl  hydrate ;  he  describes  this  comj>ound  as  a 
strongly  refractive  liquid  smelling  like  phenol  and  boiling  at 
203**,  and  investigated  its  pro|)erties  with  Si>me  CAn\*  Duclos 
discovered  the  same  compound  in  tar  fn>m  pine-wixxl*  and 
Marasse  in  that  from  beech-wood.^ 

Oriess  obtained  cresol  or  cresyl  alcohol  artificially  by  boiling 
diazotoluene  nitrate  with  water,®  and  Wurtz  by  fusing  tohu^no- 
Bulphonic  acid  with  caustic  potashJ 

Engelhardt  and  Latschinow  were  the  first  to  prove  that  three 
isomeric  cresols  exist;  they  obtaineil  pure  paracrcaol,  or,  as 
they  called  it,  a-cresol,  by  fusing  tolueneparasulphonic  acid  with 
caustic  potash,  and  from  ordinary  toluidino  by  Qriess'  reaction. 
By  the  same  reactions  they  prepared  /S-crcsol  from  the  ortho- 

*  Claesson,  Ber.  Deutsch,  Chem.  Ots.  xiv.  307. 
'  Ann,  Chem,  Pharm.  Ixxvii.  188. 

Ann,  Chem.  Pharm.  cxliv.  121, 
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Nulpliofiic  fund  and  pfloudotoluidine  (orthotoluidine),  but  thqf 
ilid  ridt  ()l)Uiin  it  in  a  pure  state.  They  further  found  tbi4i 
Uiymcil,  ('flH8(<'Hj)(^8H7)^H,  on  heating  with  phosphorus  pent- 
oxid<i,  dncionijMWWiS  into  jiropylene  and  y-cresol.^  This  metacresol 
wiiM  thiMi  ohtaiiuid  in  larger  (quantities  by  Oppenheim  and  Pfitflf 
by  heating  hydroxyuvitic  acid  with  lime.* 

Kiikul/)  obtaine(l  ])iire  orthocresol  by  acting  with  nitrous  add 
mi  orthotoliiidiruj  and  by  heating  carvacrol  (cymophenol),  an 
iMitnoridn  of  thymol,  with  phosphorus  pentoxide.* 

Tlin  (UMiNtitution  of  the  three  cresols  was  determined  with 
r^^rtainty  by  Harth,  who  showed  that  on  fusion  with  caustic 
[M)Uwh,  (»rth(M!nm(»l  iH  oxidized  to  salicylic  acid,  metacresol  to 
iiydroxyb('n/oi(!  m^id,  and  |Miracre8ol  to  parahydroxybenzoic  acid 
(Part  in.  p.  45).* 

Ftirtht^r  investigations  have  shown  that  the  cresol  contained 
in  (!oal-tar  is  a  mixture  of  the  three  isomerides.^  It  is  obtained 
from  the  oily  mother-lie juor  left  after  crystallization  of  the 
phenol  1)y  dissolving  in  caustic  soda,  removing  all  naphthalene 
by  a  curr(3nt  of  steam,  and  then  fractionally  precipitating  the 
Molution  witli  hydrochloric  acid ;  the  cresol  separates  out  first, 
the  phenol,  being  a  stronger  acid,  remaining  in  solution.^  Ac- 
cording to  another  method,  the  solution  is  neutralized^  with 
hydrocliloric  acid  and  the  mixture  agitated  with  su^cient 
baryta  water  to  dissolve  all  the  phenol.^  The  cresol  obtained 
is  purified  by  distillation  until  it  boils  at  198**  — 203^^  Deriva- 
tives of  all  three  cresols  can  be  prepared  from  it,  but  only  the 
INira-(;(>mi)ound  can  actually  be  extracted  in  the  pure  condition. 
This  is  effected  by  treating  the  mixture  with  benzoyl  chloride, 
paracresyl  benzoate,  melting  at  78°,  being  formed;  this  is  sepa- 
rated by  pressing  from  the  liquid  ethers  of  the  two  other  cresols; 
purified  by  re-crystallization,  and  decomposed  by  caustic  soda 
(Engelhardt  and  Latschinow).  Baumann  has  pointed  out  that 
the  cresol  (taurylic  acid)  contained  in  the  urine  of  graminiv6ra 
occurs  as  the  potassium  salt  of  paracresylsulphuric  acid.^  This 
compound  also  occurs  in  human  urine  during  scarlatina,  ery- 
sipelas, &c.^    The  urine  of  horses  also  contains  some  orthocresyl 

>  ZeiUehr.  Chem.  1869,  618. 

•  Bcr,  Dcutaeh.  Chem,  Gub,  viii.  884. 
»  Ihid,  viL  1006. 

•  Ann,  Chem.  Pharm.  cliv.  866. 

•  Schotten  and  Tiemann,  ibid.  zi.  788. 

•  MuUer,  Zeitaehr,  Chem,  1866,  271. 

'  Ihle,  Joum,  Prakt.  Chem,  [2]  xiv.  442. 
»  Ber,  DeuUeh.  Chem,  OtM,  ix.  1889,  1716. 

•  Brieger,  Hoppe-Seyler's  Zeitachr,  iv.  204. 


Iphuiic  afid.'     Faia-  and  ortho-cresol  are  alao  fbnnod  when 
e  liver  of  the  borse  is  caused  to  putrefy  with  the  additiou  of 

r-mud.* 
2031  Orthocrtsol  ia  best  obtniiiod  by  adding  IS  parts  of  pura 
"  potas^um  nitrite  to  a  solution  of  15  parts  of  ortliutolutdinu  and 
15  parts  of  sulphuric  acid  in  500  parts  of  water ;  the  Utiiiid  is 
heated  by  a  current  of  steam,  aud  the  cresol  dintillei!  off  in  the 
USteam.'  It  forms  colourless  crystals,  melts  at  liO°  and  boils  at 
Its  aqueous  solution  is  coloured  blue  by  ferric  oliloridt'; 
1  fiisiou  with  caustic  potash  it  is  oxidized  to  salicylic  acid, 
heu  administered  to  a  dog  it  appears  in  the  urino  aa  ortho- 
ylsulphuric  acid  and  osycresybulphuric  acid  (hyilrotolu- 
lonesulphuric  acid).  By  the  action  of  potassium  chlorato 
iDd  hj'drochloric  acid  it  jriolds  di-  aud  tri-chlorotoluquinoue,* 
Orthocresyl  oxide,  (CHj.C'^HJjO.  If  a  few  grains  of  iodine  and 
some  aluminium  arc  added  to  boiling  orthocrcsol,  alu- 
^niniuni  orthocresylate,  (CHg.CgH,0)gAlj,  is  formed,  and  this 
solidifies  on  cooling  to  a  black  vitreous  mass.  When  subjected 
to  dry  distillation  it  yields,  among  other  products,  orthocreeol 

Ed  orthocresyl  oxide,  which  is  a  colourless  bcjuiij  smelling  Ulte 
a  geranium,  and  boiling  at  272*-  27K°.* 
DiehlffTorlkocresol,  CoH5Clj(CH3).OH,  is  obtained  by  the  action 
chlorine  on  boiling  orthocrcsol ;  it  crystallizes  from  alcohol  in 
needles  with  a  silky  lustre,  melts  at  55°  and  on  oxidation  under- 
goes partial  combustion,  at  the  same  time  yielding  trichluro- 
^^^aquinoue.^ 

^K  Mromorthocresol,  CjH3Br(CHj)0H,  has  been  prepared  from 
^Hnmortbotoluidine,  and  crystallizes  from  alcohol  in  lustrous 
^^fdden  needles  melting  at  885°.^ 

a-Nitro-ori!wcresol.   C^K^iCU^XiiO^)  OH  (^1 :  S  :  2),  is  formed 
when  a  solution  of  2  parts  of  orthocrcsol  in  2  parts  of  glacial 
Wtic  acid  is  allowed  to  drop  into  a  cold  mixture  of  3  jNtrta  of 
I  Oidd,  of  specific  gravity  Vi,  and  6  parts  of  glacial  acetic 
It  is   insoluble   in   water  and   crystallizes  from   dilute 
i  in  long,  yellow  prisms  melting  at  69'5°.     Its  potassium 
It  oystallizes  in  garnet-red,  rhombic  tablets. 
I  When  the  hydrochloride  of  the   amiducresol   obtained   from 

>  PrcnMo,  ibid.  ti.  8B5 ;  Ber.  Deuinh.  Chirm.  Oa.  li  ISII. 

*  Buunann  imd  Brieg«r,  lloppH-Scjrlci'a  ZeilKhr.  iit  119,  2G2. 
'  Schotteo  ujd  Tiemann,  Uie.  cU. 

*  Soathworth,  Ann.  Chen.  Pharm.  <;li*iii.  273. 

*  GUdstonc  m  ""  "        •  —  -  ■    -- 


•  Clsoa  and  Riuuoron,  Btr.  OruXnch.  Chem.  Ott.  i 
'  "VfiobhTikj,  Ann.  Client.  Pharm.  oIituL  186. 
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this  compound  is  distilled  with  sodium  formate,  a  methenyl 
compound  is  formed ;  this  reaction  is  characteristic  of  all  ^ 
amidoplu^nolH  in  which  the  amido-group  is  in  the  ortho-relatioQ 
to  the  hydroxyl.* 

Meihe.nylamvhrrOiocre^ol  is  formed  according  to  the  fdUowing 
o(]tiation  : 

(JHj,.Cflll/  +CHO.OH  =  CH3.CeH3^    ^CH+2H,0. 

It  is  a  crystalline  mass  which  melts  at  38** — 39**,  boils  at  200* 
and  has  a  peculiar  smell,  resembling  that  of  acetamide^  cfaarao- 
ti^ristic  of  tlumo  anhydro-bases. 

A  li<|uid  nitrocrosol  boiling  at  226** — 230**  is  formed  together 
with  tlu^  solid  comjumnd.* 

fi'NUro'orth()C7rJtol  (1 : 6 : 2)  is  prepared  from  the  corresponding 
nitro-orthotoluidine  by  means  of  the  diazo-reaction  or  by  .heating 
it  with  strong  caustic  soda.  It  crystallizes  in  fine,  light  yellow 
noodles  and  melts  at  95**.'  On  reduction  it  yields  fi-amido- 
orihocrcsol^  the  hydnwhloride  of  which  crystallizes  readily. 

y^Niiro-orthocrcnol  (1:4: 2)  is  formed  together  with  the  a-com- 
pound  when  orthocresol  is  nitrated  at  as  low  a  temperature  as 
possihU).  On  distillation  with  steam  it  remains  behind.  It  is 
only  very  slightly  soluble  in  water,  readily  in  alcohol  and  ben- 
zene, and  crystallizes  in  white  needles  united  to  form  bushy 
aggri'gates,  or  in  small,  hexagonal  tablets,  being,  therefore, 
dimorphous  like  paranitrophenol.  It  melts  at  82** — 86**,  and 
forms  a  potassium  salt,  crystallizing  in  small  brass-yellow 
plates.  On  reduction  it  is  converted  into  7-  amido-ortliophenol, 
crystallizing  in  tablets  which  have  a  silvery  lustre  and  melt  at 
175**.  When  oxidized  in  an  acid  solution,  it  is  converted  into 
tolu(juinonc.  Hirsch  has  been  unable  to  obtain  the  liquid  nitro- 
crosol mentioned  above.* 

DiniiriHyrthocrcsol,  CgH,  (CHj)  (NOj)^  OH  (1 :  3 :  5  :  2),  was 
first  obtained  from  orthotoluidine,  nitro-orthotoluidine  (NH^r 
N0,  =  2 : 5), and  orthotoluidinesulphonic acid  (NH, : S03H=2:3), 
by  converting  them  into  diazo-compounds  and  heating  these  with 
dilute  nitric  acid.*     It  is  also  formed  by  the  further  nitration  of 

^  Ladenburg,  Ber.  Deutach,  Cftrm,  Ges.  ix.  1524 ;  x.  1124. 
'  Hofmann  and  Miller,  ibid,  xiv.  467. 

•  Neville  and  Winthcr,  ibid,  xv.  2978. 

*  Hirsch,  ibid,  xviii.  1511. 

B  Neville  aod  Winthcr,  ibid.  xiii.  1496  ;  Nolting,  and  Sails,  ibid,  xiv.  987. 


Vv-  and   y'uit 


METACRESOL. 


■  and  7-nitro-orthocresol  (Hiracli),  and  of  ortbocreByl  ether,' 
It  crystallizes  from  alcohol  in  long,  yellow  prisme.  and  from 
petroleum -spirit  in  broad,  golden-yollow  needles,  which  have  a 
blue  aurface-lustrc  and  ni*jlt  at  8(1°. 

On  the  reduction  of    its  ethyl   ether  ibe   diamido- ether   is 

obtained,  and  this    compound    forms  a  clirysoidiiie  with  diazt>- 

benzene  (Part  IIL  p.  301),  thus  affording  a  fiirt.hcr  proof  liiat  the 

utroxyl  groups  in  dinitrocresol  have  the  meta-relation  to  each 

i^er. 

2032    Metacrcaol.    In  order  to   prepare  this  compound,  100 

mmes  of  thymol  are  heated  for  ten  or  twelve  hours  with  35 

rammes    of  phosphorus   pentoxide,     the     propylene    which    is 

folved  being  passed  into  bromine  in  order  to  obtain  ita  bromide 

Baby-producL     The  syrupy  mass  is  brought   into  115 — 120 

grammes  of  fused  caustic  potash,  and  the  mixture  kept  in  a 

state  of  fusion  and  well  agitated  for  five  or  ten  minutes.     It  in 

^tlien  dissolved  in  wat«r  and  extracted  witli  ether  in  order  to 

move  creayl  phosphate  and  other  substances;  the  residue  is 

len  decomposed  with  hydrochloric  acid,  the  metacresol  taken 

p  with  ether,  the  latter  distilled  off,  and  the  product  purified 

'  distillation  in   a  current  of  carbon  dioxide  (Schotten   and 

It  is  a  liquid  which  smells  like  phenol,  boils  at  201°  and  docs 
solidify  in  a  ireczing  mixture ;  if,  however,  a  crystal  of  phenol 
thrown  into  the  cooled  liquid  it  solidifies  immediately,  form- 
_  oystalfl  resembling  those  of  phenol  and  melting  at  3° — 4°,' 
Its  aqueous  solution  is  coloured  violet  to  blue  by  ferric  chloride ; 
by  the  action  of  potassium  chlorate  an<l  hydrochloric  acid,  it  is 
.converted  into  dichlorotoluquinone  (Southwortb). 

Metacresyl  (uiJe,  (CHyCgH,)jO,  is  fonne^l,  together  with  pro- 
dene  and  other  products  by  the  dry  distillation  of  aluiniuium 
lyraol,    (CjH,(CHJG(|H,0),Alj,    and    is   a  liquid   boiling    at 
284°— 288°." 

Bromonutacresol,  CBH^r(CHg)OH  (1:3:5),  haa  been  pre- 
from  tlie  corresponding  bromotoluidine,  and  crystallizes 
►m  hot  water  in  white  needles  melting  at  56° — 57°.' 
IfUremetamsol,  C8H,(CH3)(NO^OH  (1:3:  5),  is  prepared 
symmetric  dinitrotoluene  ;  it  crj-stallizes  from  hot  water  in 
[ht  yellow,  lustrous  prisms,  containing  one  molecule  of  water 

<  SUdfl,  Ann.  CKtm.  Fham.  ccxvii.  1G8. 

<  Sladel,  Ber.  DeubKh.  Cltmi,  Oa.  xviii.  S14S. 

•  aiailrtone  and  Tribfi,  Jonm.  Chrm.  Sot.  1882,  I.  S. 

*  SevillEand  Wintbtr,  Bfr.DeutKh.  Clmn.  Om.xv.  M^\. 
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of  crystaUization.  It  is  deposited  from  solution  in  benzene  in 
anhydrous  crystals  melting  at  90^— 91^  On  reduction  it  yields 
amidometacresol,  the  hydrochloride  of  which  is  readily  soluble.^ 

Trinitrometacresol,  GQVL(ii(0^^(CR^OR  (NOj  :  NO, :  NO  =2 : 
4 : 6),  was  obtained  by  Duclos  from  crude  cresol ;  Ndlting  and  Salis 
have  prepared  it  from  metacresol,  which  is  readily  converted  into 
the  trinitro-compound,  while  its  isomerides  yield  the  dinitrocresols 
as  final  products.  In  order  to  prepare  it,  coal-tar  cresol  is 
dissolved  in  3  parts  of  concentrated  sulphuric  acid,  and  allowed 
to  stand  in  a  warm  place  until  cresol  no  longer  separates  out  on 
the  addition  of  water.  Crude  nitric  acid  is  then  gradually 
added  to  the  aqueous  solution,  which  is  subsequently  evaporated 
the  residue  being  extracted  with  a  little  water  to  remove  picric 
and  oxalic  acids,  and  repeatedly  re-crystallized  from  alcohoL* 

Liebermann  and  van  Dorp  obtained  it  by  heating  nitrococ- 
cussic  acid,»  C^(N02)3(CH3)(C02H)OH,  and  Emmerling  and 
Oppenheim  by  the  action  of  nitric  acid  on  hydroxyuvitic  acid 
CeH2(CH3)(C02H)  OH.*  Trinitrometacresol  is  sUghtly  soluble 
in  cold,  somewhat  more  readily  in  hot  water,  and  crystallizes  in 
long,  yellow  needles  melting  at  105° — 106°. 

When  its  ethyl  ether  is  heated  with  alcoholic  ammonia,  no 
nitrous  acid  is  removed  (Nolting  and  Salis),  which  proves  that  it 
contains  no  nitroxyl  groups  in  the  ortho-relation  (Part  IIL 
p.  63),  and,  therefore,  that  trinitrometacresol  has  the  following 
constitution : 

CH3 

no/\no, 

H\/-OH 
NO, 

2033  Paracresol  is  most  readily  obtained  from  paratoluidine,  as 
orthocresol  is  from  orthotoluidine ;  it  crystallizes  in  prisms  melting 
at  36°,  and  boils  at  198° ;  its  aqueous  solution  is  coloured  blue 
by  ferric  chloride.  It  differs  from  its  isomerides  in  not  yielding 
a  chlorinated  toluquinone  by  the  action  of  potassium  chlorate  and 
hydrochloric  acid. 

Paracrm/l  oxide  (CHg.CgHJjO,  has  been  prepared  by 
Gladstone  and  Tribe  in  the  same  manner  as  the  ortho-compound, 

*  Ber.  DexUach.  Ch4m.  Oea,  xv.  2978. 

^  B«il8toin  and  Kellucr,  Ann.  Chem.  Pharm.  cxxviii.  165. 
>  Ibid,  cUiii.  101. 

*  Bcr,  DeuUch.  Ch4ym,  Oea,  ix.  1094. 


luul  is  also  formed  by  heating  poracresol  to  300^  with  zinc  chloride. 
It  cryBtallizea  from  alcohol  in  small  lustrous  plates,  and  from 
petroleum  spirit  iu  needles  which  have  a  silky  lustre,  and  melt 
at  165°.  but  readily  volatilize  at  100*.' 

ChUmTparacreml,  C«H,(CH3)C1(0H)  {1:3:  4),  is  formed  by 
the  action  of  dry  chlorine  on  anhydrous  soihum  paracreaate.  It 
is  a  colourless  liquid  which  boils  at  195° — 196°,  and  has  a  peculiar, 
unpleasant,  persistent  odour.  Phosphorus  pontachloride  converts 
it  into  a  dicblorotoluene.  which  yields  on  oxidation  the  ortlio- 
ilichlorobenzoic  acid  melting  at  200°.* 

J)ichloroparncresol,  C^^(Cll^C\^.OS,  ia  formed  by  the 
actJOD  of  chlorine  on  boiliiig  paracresol ;  it  crystallizes  from 
alcohol  in  nionoclinic  needles,  and  from  a  hot,  concentrated 
siilution  in  petroleum-ether  in  long  neeiUcs  meltiug  at  39° ;  on 
the  gradual  evapornrion  of  a  dilute  solution,  it  is  obtained  in 
transparent  prisms  with  a  melting  point  of  42°  ;  these,  however, 
so.iri  fall  to  (jieces,  and  the  product  then  melts  at  39°.  On 
oxidation  the  diehlorobenzoic  acid  melting  at  156°  is  formed 
(Claus  and  Riemauii). 

Jinmioparacresol.  CaH,(CH3)Br(0H)  (1:3:  4).  is  obtained 
by  tha  action  of  bromine  on  potassium  paracresate.  It  is  a 
liquid  which  di>es  not  solidify  in  a  freezing  mixture,  boils  at 
SIS' — 214°,  and   has  a  less  unpleasant  smell  than  the  chlorine 

mpound  (Schall  and  Bralle). 
,     SromoparMTCsol  (1:  2:  4)  may  be  readily  obtained  by  the 
action  of  bromine  on  a  solution  of  paracresol  in  chloroform  ;  it 
crjstalhzcs    in    needles,    melting    at    17° — 18°,    and    boils    at 
218° — 220°.     On  fiision  with  caustic  potash  it  is  converted  int« 

I  lutoreinol,  C^Hg  (CH,)  (OH)^.* 

DSiromopiiraa-esol,  CjHj(CH3)Brj(0H),  is  also  formed  when 

[  potassium  paracresat*  is  treated  with  bromine.     It  crystalhzcs 

J  from  alcohol  in  prisms  which  are  isomorphous  with  dichloropara- 

[■  (Tresol  and  melt  at  49°  (Scball  and  Dralle). 

Iml„j>an,ertaol,  C^jCCHjj^OH)  (1:3:  4),  is  an  oily  liqiud, 

K  and  is  obtained  by  the  action  of  iodine  on  potassium  paracresate ; 

Ion   fusion  with  potash  it  yields  protocatechuic  acid,  CaH3(0H), 

\  COjH,  and  catechol. 

IH-vxi'ipnrarresol.  C«H,(CHa)Ij(OH),  is   formed  in    the   pre- 

I  pamtioQ  of  the  niono-com[K>urid,  and  crystallizes  in  small  tJiblets 

Isnelting  at  (iI-5°  (Scliall  and  Dmllc). 
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a-NUroparacresol,  CeH3(CHs)(N0j)0H  (1 :  3  :  4),  is  obtaiiied 
by  boiling  nitracetparatoliiide  with  caustic  soda,^  and  by  the 
nitration  of  paracresol.^  It  is  slightly  soluble  in  water,  readily 
in  alcohol,  and  crystallizes  in  flat,  yellow  needles,  which  melt  at 
33•5^  and  are  volatile  in  steam. 

a-Amidoparacrcsol,  OeH3(CH3)(NH2)OH  (1:3:4)  is  formed 
by  the  reduction  of  the  nitro-compound  with  tin  and  hydro- 
chloric acid ;  it  crystallizes  from  ether  in  monoclinic  prisms,  and 
when  heated  with  formic  acid  yields  methenylamidoparcicresol, 
melting  at  45**  (Hofmann  and  Miller). 

l3'Nitroparacre8ol,  (CHj :  NOj :  OH  =  1 :  2  : 4),  is  prepared  from 
ordinary  dinitrotoluene  by  reducing  it  with  ammonium  sulphide 
to  nitrotoluidine  and  then  replacing  the  amido-group  by  hy- 
droxy! It  forms  long  yellow  crystals  which  melt  at  78°  and  are 
readily  soluble  in  hot  water  and  alcohol.' 

l3'Amidoparacresol,  (CHg  :  NHg  :  OH  =1:2:4),  is  obtained 
by  the  reduction  of  the  preceding  compound,  and  crystallizes 
from  hot  water  in  small  plates  melting  at  143° — 144°.* 

y-Amidoparacresol,  (CH3 :  NHg :  OH  =  1:4:2).  The  hydro- 
chloride of  this  base  is  obtained  by  converting  the  monacetyl 
compound  of  the  corresponding  diamidotoluene  into  acetamido- 
cresol,  CeH3(CH3)OH(NH.C2H30)  and  boiling  this  with  hydro- 
chloric acid.  It  crystallizes  in  small  glistening  plates,  and  on 
treatment  with  potassium  bicarbonate  yields  the  free  base, 
which  forms  small  lustrous  plates  or  needles,  melting  at 
159°— 161°  (WaUach). 

The  constitution  of  the  substituted  paracresols  follows  from 
their  conversion  into  dihydroxytoluenes. 

Dinitroparacresol,  CeH2(CH8)(N02)20H(l :  3 : 5  : 4),  has  been 
prepared  from  the  corresponding  dinitrotoluidine  and  by  the 
nitration  of  cresolsulphonic  acid.^  It  is  also  obtained  by  warming 
the  diazo-compound  prepared  from  paratoluidinesulphonic  acid 
with  nitric  acid  (Neville  and  Winther),  and  by  the  nitration  of 
paracresol  ethyl  ether;  it  crystallizes  from  dilute  alcohol  in 
yellow  needles  melting  at  85°.  On  the  reduction  of  its  ethyl 
compound,  diamidoparacresyl  ether,  CgH2(CH3)(NH2)20C2H5,  is 

1  Wagner,  Ber.  DetUs^Ji.  Chem.  Ocs.  vii.  637  :  Kevillo  and  Winther,  ibid,  xv. 
2893. 

'  Armstrong  and  Thori>c,  Jahrcsh.  Chcm.  1876,  452  ;  llofmaun  and  Millei, 
loc.  cU. 

*  Knecht,  Ann.  Chcm.  Pharm,.  ccxv.  83  ;  Bcr.  DciUhcH.  Clicm.  Gat.  xv.  298. 
Neville  and  Winther,  ibid.  xv.  2980. 

*  Wallach,  ibid.  xv.  2831. 

*  Armstrong  and  Field,  Ber.  DciUsch.  Chan.  Ocs.  vi.  974. 
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obtained  ;  this  compound  forms  a  clirysouUne  with  diazobenzei 
chloride,  proving  that  the  nitroxyls  of  the  dinitrocresol  are  iot 
the  meta-rehition  to  each  other. 

Potassium  diniiroparaeresate,  CaHj(CHj)(NOj)jOK,  crystallizea 

'/in   red    needles   and     forma    the    "golden    yellow,"    which    waa 

'  exhibited  aa  a  new  dye  in  the  Belgian  section  of  the  Vieima 

Exhibition  in  1873.^ 

It  is  also,  together  with  the  potassium  salt  of  dinitro-ortho*; 
cresol,  contained  in  "  safronsurrogate,"  which  is  used  for  colouringj 
milk,  butter,  and  cheese.* 

Vietorut  ydiow  or  aniline  orange,  which  formerly  came  into 
the  market  as  a  red  powder,  is  the  salt  of  a  third  dinitrocresol, 
the  constitution  of  which  is  unknown.  It  crystaUizes  from  hot 
water  in  yellowish  needles,  melting  at  109° — 110°.' 

Thiocresots,  CoH,(CH3)SH,  are  ohtained  by  the  reduction  of 
the  corresponding  sulpbonic  chlorides. 

Melting-  Boiling- 
point,     point. 
Orthothiocreaol  *     small,  delicate  plates  .       15*     188' 

Uetathiocresol '      liquid —      1 88° 

Parathiocresol  *       lai^e  plates iS°     18i>° 


DIHYDROXYTOLUENES  AND    ALLIED    BODIES. 

HOMOCATECHOL,  OB  HOMOPYROCATECHIN,  CoH^CCHj)(OH), 

(1:3:4). 

a034  Hugo  Miiller  obtained  this  compound    by  heating  its 
monomethyl  etlier,  creosol,  with  hydriodic  acid :  ^ 

/CHg  /CH, 

aH,^OH       +HI  =  C9H,^0H   +CH,I. 
\OCH3  \0H 

It  is  also  formed  by  fusing  creosol  with  caustic  potash,*  by 
bmling  the  diazo-compound  of  a-amidocresol  with  water  (Neville 

'  ri(!canl.  Ber.  f>»ul»eh.  Ohem,  Oca.  viii.  CSS. 

■'  Wiehplhaus.  ibid.  rii.  770. 

'  M-irtiuH  nnd  Wi,'Iielhsua.  ibid.  i\.  E06. 

'  HiiljiiLT  niid  Poflt,  Ann.  Clu-m.  Phar<H..  olxix.  30. 

'  I'-^i-  '  Miiwki-r,  ibid,  cxxxvi.  70. 

'  Chtm.  Num.  x.  2'.B 

'  Tioauuin  and  Kopiic.  Btr.  Dciilack.  Chcm.  Ota.  xiv.  2026. 
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and  Winther),  and  by  submitting  a-bomoprotocatechuic  acid, 
CeH2(CH3)(OH)oCO,H,  to  dry  distillation.^ 

Honiocatcchol  is  a  syrup  which  readily  dissolves  in  wato", 
alcohol,  other,  and  benzene,  and  can  be  distilled  without 
doconij)osition.  It  reduces  silver  salts  and  Fehling's  solution 
in  the  cold,  and  gives  a  green  colouration  with  ferric  chloride, 
which  is  converted  into  a  reddish  violet  by  the  addition  of  a 
little  ammonia  or  carbonate  of  soda. 

lloviocatcchol  rruyiuynidhyl  ether  or  Creosol,  Cj,Hj(CH3)(0CHj) 
0H(1 : 3 : 4),  occurs  in  bcechwood-tar-creosote  and  in  the  pro- 
(hicta  of  distillation  of  guaiacum  resin.*  In  order  to  prepare 
it,  th(^  portion  of  creosote  boiling  at  about  220"*  is  dissolved  in 
ether  and  treated  with  very  concentrated  alcoholic  potash ;  potas- 
Hium  ereosate,  OyH^KOg  +  2H2O,  separates  out  in  needles  and  is 
then  decomposed  by  dilute  sulphuric  acid.  It  may  also  be 
prepared  by  heating  a-homovanillic  acid,  CgH3(OBQ(OCH5)CH^ 
(/OgH,  with  lime  (Ticmann  and  Nagai).  It  is  a  strongly  re- 
fnu^tivo  licpiid  boiling  at  220°,  and  possesses  a  feeble  odour  which 
resembles  that  of  vanilla  and  is  very  pleasant  when  the  vapour 
is  dilute.  It  produces  a  metaUic  mirror  when  warmed  with  a 
solution  of  a  silver  salt,  and  its  alcohohc  solution  is  coloured 
emerald -green  by  ferric  chloride.  Phosphorus  chloride  converts 
it  into  jmrachlorometacresol  methyl  ether,  CgH3Cl(CH3)OCH3, 
(OH3 :  OCH3 :  Cl  =  l  :  3 : 4),  a  liquid  boiling  at  185".' 

JlomocatccJtol  dimethyl  ether y  CoH3(CH3)(OCH3)2,  also  occurs  in 
creosote,  and  is  obtained  j>ure  by  boiling  potassium  ereosate  with 
m(»thyl  iodide  and  wood-spirit.  It  is  a  liquid  which  boils  at 
214° — 21 5""  and  possesses  the  characteristic  smell  of  the  indif- 
ferent oils  which  are  obtained  from  crude  wood-tar.  It  is 
insoluble  in  water  and  alkalis,  and  is  not  coloured  by  ferric 
chloride.* 

2035  Creosote  was  discovered  by  Reichenbach  in  the  year 
1832,  both  in  the  tar  and  the  pyroligncous  acid  obtained  by  the 
distillation  of  beech-wood.^  He  describes  it  as  a  colourless, 
strongly  refractive  liquid,  which  begins  to  boil  at  203**  and 
possesses  an  unpleasant  penetrating  odour,  at  th^  same  time 
resembling  that  of  smoked  meat,  and  a  burning  taste.  He 
investigated   its  properties  very   carefully,  and   found   that  it 

»  Tiemann  and  Na^ai,  Bcr.  DnUsch.  Ch^m.  Gm,  x.  210. 

^  Ulasiwctz,  Ann.  Chan.  Pharm,  cvi.  839. 

»  Biochelo,  ibid.  rli.  115. 

^  Tiemann  and  Mrn«lolsohn,  licr.  DmUirX  Chem,  Gfs.  viii.  1136. 

^  Schwoipcr's  N.  Jahrh,  CJum,  Phys.  vL  801,  845  ;  vii.  1,  57  ;  viu.  57,  399.    * 
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coagalates  albumin,  ami  that  fresh  meat  which  has  been  soaked 
in  creosote  for  half  an  hour  to  an  hour  cau  be  driod  without 
tindeigoing  putrefaction.  Such  meat  is  very  tasty,  and 
Reichenbach  therefore  concluded  that  creosote  ia  the  antiseptic 
principle  contained  in  smoke.  He  derived  its  name  from  this 
power  of  preserving  meat,  its  mostpecuhar  and  most  striking  pro- 
perty, one  too  which  had  been  known  from  the  earliest  times ;  he 
remarks,  "  The  Greek  word  Kpeaf,  meat,  has  a  genitive  Kp^arot, 
or  Kpeataq.  contracted  to  lepeeav  ;  aeo^a  signifies  to  preserve,  or 
save ;  the  two  may  be  etymolc^cally  united  in  the  woixl 
creosote,  wliich  espresses  meat-preserving  or  decay-saving." 

Very  soon  after  this,  Bunge  discovered  carbolic  acid,  and 
Laurent  phenyl  hydrate,  in  coal-tar,  the  identity  of  these  bodies 
being  recognised  somewhat  later.  No  clear  views,  however,  were 
birid  a&  to  the  relation  existing  between  phenol  and  creosote,  and 
m  confusion  arose  which  was  maintained  for  many  years  with  an 
obstinacy  unparalleled  in  the  annals  of  our  science. 

Ruugo  and  Laurent  shuwed  that  creosote,  in  spite  of  many 

similarities,  is  quite  a  ditfereut  substance  from  the  compound 

obtained  by  them.     Phenol  differs  from  creosote  more  especially 

being  an  acid,   in  possessing  a   different   boiling-point,  in 

stallizing  when  cooled,  and  in  its  different  behaviour  towards 

idilorine,  bromine,  and  nitric  acid.    Runge  moreover  adds  that  it 

ipart«  to  meat  preserved  by  it  an  abominable  taste. 

Beichenbach,   nevertheless,   considered   carbolic    acid    to  be 

identical  with  his  creosote,  the  more  so  as  he  thought  that  he 

had  also  discovered  it  in  coal-tar  and  bone-oiL 

GutcUn  was  also  of  this  opinion ;  according  to  him,  carbolic 
acid,  phenyl  hydrate,  ami  creosote,  are  cbemically  identical,  ilif- 
only  in. degree  of  purity.     Gmelin's  views  found  universal 
crystallized  carbolic  acid  soon  came  into  the  market 
the  name  of  creosote  and  displaced  the  genuine  substance 
led  fr^m  wood-tar. 
Gomp-Besanez,  who  hail  some  of  the  latter  body,  which  had 
prepared  by  Reichenhach  at  Blansko,  in  Moravia,  at  his 
compared   it   with   "  crystallized   creosote,"   and,   like 
and  Laurent,  found  them  to  be  completely  different ;  the 
Hint  of  substance  in  his  possession,  however,  did  not  admit  of 
clooo  investigation. 

Some  years  later,  Batka  supplied  him  with  fresh  samples  of 
'%teoaote  froro  Blansko,  ami  lie  found  that  when  acted  upon  by 
Eiitric  acid,  no  picric  acid  was  formed,  while  potassium  chlorate 
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aif>i  t T  ir  •:L1.  -fi^  s^i'jL  zissr^^a^i  x  srri:«  cUaruiiL  C^CI^Oj,  gave 
a  Kr^.^.\r  fnitTiATjiv.  -rlJ.L.  zs-rv-zT-rr.  •^jC';aaKvi  kydrogen.^ 

iirirK*L  i-tI-i: --iLi  •i^rC-  zz.  Li*  LAZii-^.«>£.  bni  oolj  to  add  that 
G'l'Tjp-IV.-at.Lrrz.  I*.-  ^r:"i>r  :iii3  •fTTt.ts.-Oi'  is  a  disdzKt  substaooe, 
ooi'L:  T<^  Lat-  j^vfATrti  ii  Lii:i«elf  ii^^Sc^i  of  inrestigatii^  a 

Tw..>  Y^Ai^  hxer.  &>r;ip-Besa£ic:z  pjibiisbed  a  mare  extended 
treatiie  ••:>  cn:»>s*Me :  Lis  'i^icrsiiDca&ofx  o€  its  compoatioii  agreed 
with  that  <A  EnlJT.^.  wL*>  L^j  azkalvse*!  a  qKcimen  sent  bj 
Reichenfaach  to  Liebig. 

Bv  the  acti<xi  of  clilrraie  he  obtained  pmtaekloroxylone, 
CjH.a^Oj.  and  heichl.j^>iTl.>oe.  C.H^Cl^O^  snfasUnces 
which  Were  vciy  similar  to  the  cfal<>rinatied  qoinones  obtained 
bv  St  jiit-ler.- 

Abijut  the  same  peiic*!  V«>lkel  published  a  paper  cmi  the 
distillation  pnjilucts  of  wcmI,  in  which  be  relates  bis  investi- 
gation of  the  creosote  obtained  from  the  tar  in  a  pyrolignecras 
acid  works  at  Solothum.  He  purilied  it  bv  repeated  solntion  in 
caustic  pritash,  precipitation  with  sulphuric  acid  and  distillation. 
The  liquid,  after  purification  in  this  manner,  boiled  at  202** — 
208**,  and  in  its  general  pr«:»perties  resembled  Reicbenbach's 
compound,  but  liad  a  diSerent  composition,  as  the  following 
results  of  the  analyses  conducted  by  Ettling,  Gonip-Besanez, 
and  Volkel  show :  ^ 

Creosote  from  BLinsko.        CrL^osote  from  Solothum. 
(Mean  of  8  Analyses.)  (Mean  of  3  Analjaes.) 

Carlxiii 75-21  72-45 

Hydrogen 7*90  7*10 

Oxygen 16-89  20*45 

10000  10000 


Deville  had  previously  analysed  creosote  prepared  by  Pelletier, 
and   obtained   numbers   only   differing   slightly   fix)m   those  of 

V^ilkel  considered  that  Gonip-Besanez  had  not  purified  his 
(•n'oHot<j  Kufficiently,  whereupon  the  latter  treated  it  repeatedly 
by  Viilkiil'H  nietluKl,  without,  however,  altering  the  results 
(»ht.iiin(^(l  by  analysis  to  any  appreciable  extent.* 

In    iUr.  Hiuno  year,  Williiimson  published  the  results  of  an 

'   Ann.  tnirm.  fhinn.  Ixxviii.  2'M.  ^  Ibid.  Ixxxvi.  233. 

3  /hul.  Ixxxvi.  «il,  «3.  *  Ibid.    xcvi.  89. 
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investigation  made  by  Fairlie  tuwanis  the  stdntioi)  of  the  qiustiaD 
whether  coal-tar  creosote  coUHets  chiefly  of  carbolic  and;  he 
thus  discoveivd  the  humologue  of  fiheuut,  cresvl  hydrate  or 
cresol,  which  boils  at  203°,  or  at  neariy  the  sfune  tetoperattuc 
as  creosote,  thus  introdocdiig  a  new  source  of  CKjnfnxioo.  The 
research  had  no  direct  beaiit^  co  the  real  iMue. 

A  new  chapter  in  the  history  of  creosote  begins  with  Hlaa- 
wetz's  inyestigation  "  On  Beech- Wood  Tar  Creosote  and  the 
Products  of  Distillation  of  the  Guaiaicum  Resin."  He  had 
already  obtained  the  compound  C^Hj^Oj  from  the  creoeote 
&om  Blansko,  and  now  found  it  in  the  distillation  |xodact«  of 
guaiacum  reran,  together  with  its  lower  honuJogue.  guaiacol, 
CjHgOj,  which  Deville  and  Pelletier  bad  already  obtained  from 
the  same  eoiiroe;  he  therefore  called  his  compound  creosote- 
guaiacol  or  creosoL 

Hlamwetjc  concluded  that  creosote  is  n  kind  of  etber  <^  the 

latter,  and  probably  cMilains  the   radical  C,Hy,  thoa  simply 

exphuiilDg  the  &ct  that  it  contains  more  carbon  than  creoeoL 

In  the  following  year  Daclos  published  a  paper    on  cresyl 

I  alcohol,  which  he  had  not  only  found  in  coal-tar,  but  also  in  the 

X  from  the  gas-works  at  Giessen  where  only  wood,  and  for  the 

t  part  fir-wooi!,  was  used.* 
In  criticism  of  tbis  pajjer,  Gonip-Besanez  observed  that  these 
Hults  were  in  '4>posiiioD  to  all  the  (acta  known  concerning 
i  distillation  productf  of  wood,  in  which  no  phenols  had  yet 
sen  feund.  If  Duclos'  results  were  to  be  accepted,  it  would  be 
y  to  assume  that  fir-wfiod  yields  diSerent  products  fiwm 
sch-wood. 

In    the    meantime    Gerhaidt    calculated  the  formulae  of  the 
chlorinated  xylones  as  OgH/_;i,Oj  anil  CgH^Cl^O,,  according  to 
which  they  appear  to  he  homologues  of  the  chloroquinoues.  thus 
ooofirming  Ulasiwetz's  results;  Oorup-Besanez  then  undertook 
remvestigation  of  these  compounds,  but  could  not  obt^n 
y  oreoBote  from  Blansko ;  this  source  had  failed. 
B  the  year  1864,  Hugo  Miiller  made  an  important  addition 
» the  history  of  creosote ;  he  investigated  a  sample  which  had 
1  preparei]  in  London  fi^im  Stockbohu-tar  and  appeared  to  be 
mtical  with  that  from  Blansko.     By  tri^ating  it  with  hydriodic 
i  be  obtained  methyl  iodide  and  homocatechol  (p.  31). 
~      r  different   researches  afforded   a  complete   proof  that 
i-tar  croosote  has  nothing  in  coiniooU  with  coal-tar  creosote. 
'  Jnn.  Che-H.  I'hariJu  cu-  135, 
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The  only  obstacles  now  remaining  to  a  complete  concordance  of 
opinion  on  the  subject  were  Reichenbach's  statement,  which  he 
had  never  confirmed,  that  his  creosote  is  contained  in  coal-tar, 
and  that  of  Duclos  that  wood-tar  contains  phenols,  which  no  one 
else  had  been  able  to  detect. 

2036  The  creosote  question  seemed  to  have  received  a  final 
answer,  but  it  was  nevertheless  not  yet  settled.  In  the  year 
1865,  A.  E.  Hofmann  investigated  several  commercial  products 
which  he  obtained  from  various  firms  as  genuine  beech-wood- 
tar  creosote,  and  found  that  they  consisted  chiefly  of  phenoL 
Being  unacquainted  with  the  researches  of  Hlasiwetz  and 
Muller,  he  called  the  existence  of  creosote  in  question  and  con- 
cluded that  it  was  nothing  but  impure  phenyl  hydrate,  the 
chlorinated  xylenes  being  mixtures  of  chloranil  with  chlorinated 
phenols.  The  name  of  creosote  ought,  therefore,  to  be  removed 
from  our  list  of  chemical  compounds,  though  this  would  not 
prevent  its  use  as  a  commercial  term. 

Gorup-Besanez  replied  to  this  by  pointing  out  that  Hofmann 
had  only  proved  a  fact  which  had  long  been  known,  that  phenylic 
acid  was  often  sold  under  the  name  of  creosote.  It  was  im- 
possible that  the  firms  mentioned  by  him  could  have  sent 
him  genuine  creosote,  because  this  article  had  long  disappeared 
from  the  German  market.^ 

This  incident  had  a  fortunate  conclusion  both  for  Gorup-Besanez 
and  for  the  facts.  Frcsenius  corrected  his  statement,  pointing  out 
that  the  "  Verein  fiir  chemische  Industrie  "  at  Mayence  worked 
up  beech-wood-tar  for  creosote.  The  investigation  of  this  showed 
that  it  differed  from  the  Blansko  samples,  but  was  probably 
identical  with  those  from  Solothum.  Gorup-Besanez  succeeded 
in  extracting  from  it  a  considerable  quantity  of  guaiacol  together 
with  a  smaller  amount  of  creosol ;  by  the  action  of  potassium 
chlorate  and  hydrochloric  acid  on  the  crude  creosote  he  ob- 
tained tetrachloroguaiacone,  C^HgCl^Og,  and  tetrachlorocreosone, 
CgH^Cl^Oo,  homologues  of  chloranil.  When  he  treated  creosote 
with  hydriodic  acid,  he  obtained  methyl  iodide  and  catechol, 
which  were  undoubtedly  derived  from  tlie  guaiacol.  He  assumed 
that  catecliol  is  the  lower  homologue  of  guaiacol  and  creosol, 
both  of  which  yield  clUorine  products  homologous  with  chloranil. 

He  concluded  from  his  analysis  that  Rhenish  creosote  contains 
the  radical  CgH^.^ 

^  Joum,  Prakt,  Cfum.  xc.vii.  63. 
'  Ann.  Chem.  Pharm,  cxliii.  129. 


Maxasse  opposed  this  view  j  Gorup-Besasez  had  thought  that 
the  {iBctioii  boiliiig  between  199°  and  208°  is  the  allyl  ether  of 
giiaiacol,  the  latter  being  derived  from  it  by  the  action  of  caustic 
potash.  If  this  were  the  case,  allyl  alcohol  or  some  similar  com- 
pound must  bo  simultaneously  formed,  whereas  no  one  had 
hitherto  observed  this,  Guaiacol,  lie  continues,  may  be  the 
methyl  ether  and  not  the  bomologue,  of  catechol,  bearing  the 
same  relation  to  it  as  creosol  to  homocatechol.  The  difference 
between  the  composition  of  creosote  and  that  of  the  two  methyl 
ethers  contained  in  it  is  easily  accounted  for  on  the  suppo^tion 
ihaX  it  contains  substances  which  boil  at  the  same  temperature 
as  guaiacol  and  creosol  but  are  richer  in  carbon  and  poorer  in 
hydrogen. 

He  also  found  that  creosote  contains,  besides  ordinary  phenol, 
its  homolf^ues  cresol  and  phlorol,  which  yield  the  chlorine  pro- 
ducts now  known  as  tetrachlorotoluquinone  and  tetracldoro- 
a^loquinone.^ 

The  composition  of  creosote  is  very  variable.  Briiuniger 
found  in  one  sample  only  traces  of  phenol  and  less  than  2  per 
fient.  of  cresol,  and  in  that  investigated  by  Qonip-Besanez  only  a 
fittle  creaol  and  still  less  phlorol.'  while  Tiemann  and  Mendelsohn 
tonud  large  quantities  of  the  latter.*  The  relative  amounts  of 
guaiacol  and  creosol  are  also  subject  to  great  variations ;  thus 
3iechle  found  scarcely  any  creosol  in  a  second  sample  of  Khenbh 
breosote  obtained  by  Oomp-Besanez.* 

The  higher  boiling  fractions  contain,  moreover,  tlie  dimethyl 
fathers  of  homocatechol,  pyrogallol,  dimethylpyrc^allol,  and 
pfopylpyrogallol,  which  have  already  been  partially  described. 

The  presence  of  phenols  in  wood -tar-creosote  shows  that  it  is 
B  cloeely  related  to  the  so-called  coal-tar  creosote  than  was 
iwvioiisly  supposed.  The  latter  differs  from  the  former  by  the 
absence  of  guaiacol,  creosol,  and  the  dimethyl  ethers  just  men- 
tioned. These  must  be  derived  from  the  characteristic  aromatic 
compounds  which  various  chemists  have  discovered  in  wo«l 
(VoLIII.Pt.  II.  p-583> 


ORCINOL,  CuH3(CH,)(0H)„  (1  ;  3  : 5). 

r  Robiquet  discovered  this  compound  in    1829  in  Vario- 
\  deaUiota,  and   named   it.   orcin,  because   this  lichen   had 
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formerly  been  called  Lichen  orcinay  and  because  the  name  serves 
as  a  reminder  that  the  lichen  is  used  for  the  preparation  of 
archil  (orseille).  ^ 

Orcinol  was  then  further  investigated  by  various  other  chemists,* 
from  whaso  analyses  Gerhardt  first  calculated  its  correct  formula,' 
his  result  being  confirmed  by  the  researches  of  Stenhouse.* 

Orcinol  occurs  in  the  free  state  in  all  the  lichens,  the  various 
species  of  Ilocclla^  Lecanora  and  Variolaria,  which  are  em- 
ployed for  the  preparation  of  archil  and  Utmus,  and  is  a 
decomposition  product  of  various  acids  and  ether-like  bodies 
prepared  from  these  Uchens.  When  these  compounds  are 
heated  with  an  alkali  or  submitted  to  dry  distillation,  orcinol  is 
formed,  e.g : 

Erythrin.  Oi-selliiiic  Acid. 

Erythrol. 

+  C,H«(OH),. 

Leeanoric  Acid.  Orsollinic  Acid. 

C,H5(0H)0.C0,H 

I  +H,0  =  2C,H,(0H),C0^. 

C,H5(0H),C0 

Orsollinic  Acid.  Orcinol. 

C,H,(OH),CO,H  =  CjH„(OH)j  +  COj. 

In  order  to  prepare  orchiol,  6  parts  of  Rocdla  fn<iifoi*niis  are 
macerated  for  twenty  minutes  with  60  parts  of  milk  of  lime  con- 
taining 1  part  of  lime,  the  mass  filtered  and  the  erythrin  pre- 
cipitated from  the  filtrate  by  hydrochloric  acid  ;  this  is  boiled 
for  half  an  hour  with  a  slight  excess  of  milk  of  lime,  the  solu- 
tion filtered,  treated  with  carbon  dioxide  to  remove  the  excess  of 
lime,  and  evaporated  nearly  to  dryness.  The  orcinol  is  extracted 
from  the  residue  by  benzene,  while  erythrol  is  left  behind.  When 
the  benzene  solution  is  shaken  with  water,  the  orcinol  is  taken  up 
by  the  latter  and  is  obtained  pure  on  evaporation.^     The  crude 

*  Ann,  Chim.  Phys.  xlii.  23G. 

2  Dumas,  Ann.   Chcm.  Pharm.   xxvii.    140  ;   Liebig  and  Will,  ibid,   xxvii. 
147  ;  Schunk,  ibid,  xlL  159  ;  liv.  269. 
»  Compt.  Rend,  Chim.  1845,  287. 

*  Phil.  Trans,  1848,  63 ;  1349,  393. 
'  Stenbouse. 
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orcinol  can  also  be  purified  by  distillation,*  which  is  best  carrieil 
on  in  vactu)? 

Vogt  and  Henninger  first  prepared  orcinol  from  toluene,  by 
chlorinating  toluene  in  presence  of  iodine,  and  warming  the 
chlorotoluene  with  two  to  three  times  its  weight  of  sulphuric 
acid  on  the  water-bath ;  two  sulphonic  acids  are  thus  formed, 
which  readily  admit  of  separation,  the  barium  salt  of  the  one 
being  much  more  soluble  than  that  of  the  other,  which  yields 
orcinol  when  fused  with  caustic  potash.' 

The  chlorotoluene  obtained  by  the  method  described  is  a 
mixture  of  parachlorotoluene  with  a  little  orthochlorotoluene ; 
since,  however,  the  side  chains  of  orcinol  are  arranged  symmetri- 
cally, an  inter-molecular  change  must  take  place  during  its 
preparation  just  as  in  that  of  resorcinol  from  benzeneparadi- 
sulphonic  acid. 

Neville  and  Winther  obtained  orcinol  by  fusing  symmetric 
bromotoluenesulphonic  acid,  the  toluenemetadisulphonic  acid 
obtained  from  orthotoluidinedisulphonic  acid,  or  bromometa- 
cresol  with  caustic  potash;  they  also  prepared  it  by  heating 
metadibromotoluene  to  280'' — 300°  with  caustic  potash  and  a 
little  water,  and  finally  by  replacing  the  amido-group  of  amido- 
metacresol  by  hydroxyl.* 

Orcinol  is  also  formed,  together  with  parahydroxybenzoic  acid, 
when  aloes  are  fused  with  caustic  soda.*^ 

Properties, — Orcinol  is  readily  soluble  in  water,  alcohol,  and  ether, 
and  crystallizes  with  one  molecule  of  water  in  six-sided  monoclinic 
prisms,  which  effloresce  gradually  over  sulphuric  acid,  and  more 
rapidly  when  heated  to  100°.  It  is  almost  completely  precipi- 
tated in  fine  needles  when  its  concentrated  solution  is  wanned 
with  a  saturated  solution  of  common  salt  (Lamparter) ;  it  reduces 
ammoniacal  silver  solution,  has  an  intensely  sweet  but  unpleasant 
taste,  and  melts  in  the  anhydrous  state  at  10G'5° — 108°  (Neville 
and  Winther).  When  rapidly  heated,  it  distils  almost  without 
decomposition  between  287°  and  290°  (Dumas).  Ferric  chloride 
produces  a  violet-black  colouration,  and  bleaching  iK)wder  a  dark 
red,  soon  changing  to  yellow.  In  the  presence  of  ammonia  and 
air  it  is  converted  into  orcein,  the  colouring  matter  of  archil, 
and    becomes  coloured  a  deep  reddish  violet  (Robiquet).      Its 

'  Lamparter,  ibid,  cxxxiv.  215. 
-  De  Lujmes,  Ann.  Chim.  Phys.  [4]  vi.  184. 
.    '  Ann.  Chem,  Phann.  clxv.  366  ;  Bull.  Soc.  Chim.  xxi.  373. 
*  Ber.  Deutseh,  Chcm.  Gcs.  xv.  2976. 
'  Barth  and  Hlasiwetz,  Ann.  Cluyin.  Pharm.  cxxxiv.  288. 
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alkiilino  solution  when  heated  with  a  little  chloroform  becomes 
<!()I()uriMl  iirst  purple-red  and  then  bright  red,  and  on  dilution 
with  wati^r  has  an  intense  greenish  yellow  fluorescence,  homo- 
fluoroacK'in,  C^jjHjgO^,  being  formed.  This  reaction  is  so  delicate 
that  tlu^  conijH)unds  which  yield  orcinol  can  readily  be  detected 
in  tho  lichens  by  its  means.  A  few  pieces  are  boiled  with  5  per 
0(^nt.  caustic  jx>tash  and  a  little  chloroform  added  to  the  clear 
Hohition  ;  it  is  then  warmed  for  ten  minutes  on  the  water-bath 
and  (lilutt'd.^ 

Orcinol  may  iHupiantitatively  determined  by  adding  standardized 
bromino  wati»r  to  the  dilute  solution  until  tribromorcinol  is  no 
longer  jirocijMtJvtod  and  determining  the  excess  of  bromine  by  a 
Holution  of  jvotjussium  iixlide.* 

Orcinol  monomHhyl  ether,  0^113(0113) (0CH3)0H,  is  formed, 
to;(i»tht»r  with  the  dimethyl  other,  when  orcinol  is  boiled  with 
cauHtit^  |M)ta.sh,  niethyl  iinlide,  and  wood-spirit.  It  is  a  light 
yellow,  oily  liijuid  which  boils  at  273*"  and  is  soluble  in  alkalis. 

Oirinol  dimethyl  ether,  C6H3(OH3)(OOH3)2,  is  a  yellowish 
n)ohili»  fhiid  whi(!h  Innls  at  244**,  is  insoluble  in  alkalis,  and  is 
convortod  by  oxidation  int^)  symmetric  dimethoxybenzoic  acid, 
(»r  dinu^thyl-a-resoR^lic  mud,  OgH3(OOH3)2002H(5  :  3 : 1),  thus 
(»Htahlishing  the  constitution  of  orcinol.^ 

Orvinol  aeetate,  (yi3(OH3)(002H30)2,is  obtained  by  the  action 
of  mu»tyl  chl(»ride  on  orcinol,  and  crystallizes  from  alcohol  in 
n<HHll(»H  intuiting  at  25V 

(hrinol  (Hethylearhmate,  0^113(0113) (0.00002H5)2,  is  obtained 
hy  t.ht^  iwtion  of  chlonwarbonic  ether  on  the  potassium  compound 
of  on!in(»l,  and  is  a  thick,  oily  litjuid  boiling  at  310° — 312°.^ 

ihrinnUKohenze/nCy  CQH5NzzNCgH2(OH3)(OH)2,  is  formed  when 
orc!inol  and  diazol>enzene  nitrate  are  brought  together  in  aqueous 
Hohition.  It  crystivllizes  from  a  mixture  of  acetic  acid  and  acetic 
ether  in  dark  nul  needles  melting  at  183°.*^ 

*  Srhwarz,  Ikr,  Deutitch,  Cheni,  Ocs.  xiii.  543. 
"  Key  inn  nn.  ihid.  viii.  790. 

'  Strung  and  Tiemann,  ibid.  xiv.  1999. 

*  Luynea  and  Lionet,  Zeitsehr.  Chem,  1867,  561. 

*  Wallach,  Litbig's  Ann.  ocxxvi.  86. 

*  Typke,  Ber.  Dcutsch.  Chern.  Ocs.  x.  1579. 
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SUBSTITUTION   PRODUCTS  OF  ORCINOL. 

2038  These  are  obtamed  by  the  same  methods  as  the  cor- 
responding resorcinol  compounds,  which  they  resemble  very 
closely. 

Chlobine  Substitution  Products. 

Melting- 
point 

Trichlororcinol,^      Gfi]^{GB^(OB)^,      long  needles     123^ 
Pentachlororcinol,^  CfiljGH^{OGl)^      large  prisms      120'-5 

Bromine  Substitution  Products. 


Monobromorcmol,*  CeH2Br(CH3)(OH)o,  crystals  135^ 

Dibromorcinol,*        CeHBr2(CH3)(OH)l,  needles  146° 

Tribromorcinol,^      CeBr3(CH3)(OH)2/    needles  98° 

Pentabromorcinol,«  CeBr8(CH3)(OBr)2,     triclinic  crystals  126° 

Iodine  Substitution  Products. 

Mono-iodorcmol,7     C^H2l(CH3)(OH)2,     prisms  80°-5 

Tri-iodorcinol,®        CgT3(CH3)(OH)2,   brown  tablets  — 

Nitro-Substitution  Produci'S. 

C  golden  ) 
a.Nitro-orcinol,»     CeH2N02(CH3)(OH)2X  lustrous  V     120° 

(needles  ) 
C    dark    ^ 
/S-Nitro-orcinol,     CeH2N02(CH3)(OH)2,^  yellow   I 

(needles  j 
C    deep    ^ 
a.Dinitro-orcinol,^«C6H(N02)oCH3(OH)2,-^  yellow   [     164°-5 

(  tablets  j 

J  Stenhouso,  Proc.  Hoy.  Soc.  1871. 

Stenhouse,  Dittlerand  Liebemiann,  Ann.  Chem.  Phann.  clxix.  265. 
■  Lamparter,  loc.  cii.  *  Tieniann  and  Streng,  loc  cit. 

•  Stenhouse  and  Groves,  Joum.  Chem.  Soc.  1880,  402. 

•  Stenhouse  and  Rammelsberg  ;  Dittler  and  Licbermann,  loc.  cit,  255. 
'  Stenhouse,  Proc.  Poy.  Soc.  xxii.  53. 

•  Stenhouse,  Joum.  Chem.  Soc.  1864,  827. 

•  Weselsky,  Bcr.  Dcutsch.  Ch<cm.  Ges.  vii.  441. 

^'  Stenhouse  and  Groves,  Joum.  Chem.  Soc.  1877,  i.  548. 
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Mclting- 
« iK>int. 

C  golden  ^ 
/9-Dinitro-orcinol,^CeH(N02)2CH3(OH)2,-^  yellow   V  109"— 110° 

(needles  j 

C    long    ) 
Trinitro-orcinol,2     Ce(N02)3CH3(OH)2,    ]  yellow    V     163-5" 

(needles  J 

2039  Archil,  This  name  was  formerly  employed  to  designate 
both  the  colouring  matter  which  is  extracted  from  the  lichens 
just  mentioned,  and  the  lichens  themselves.  Theophrastos  and 
Dioacorides  mention  a  plant  ff>vKo^  OaXdaaiov  or  irovriov,  called 
by  Pliny  Fumes  marimcs,  which  is  not  a  sea-weed,  as  the  name 
might  be  taken  to  imply,  but  a  lichen  which  grows  on  the  rocks 
of  certain  islands,  especially  Crete,  and  is  capable  of  dyeing  wool 
a  beautiful  violet  or  purple  colour. 

Archil  came  into  the  European  market  as  early  as  the  four- 
teenth centuiy ;  the  following  account  of  it  is  given  by  Beck- 
maim  :  * 

Among  the  oldest  and  principal  Florentine  families  is  that 
known  under  the  name  of  Oricellarii  or  Rucellarii,  Ruscellai  or 
Rucellai,  several  of  whom  have  distinguished  themselves  as 
statesmen  and  men  of  letters.  This  family  are  descended  from 
a  German  nobleman  named  Ferro  or  Frederigo,  who  lived  in  the 
beginning  of  the  twelfth  century.  One  of  his  descendants  in 
the  year  1300  carried  on  a  great  trade  in  the  Levant,  by  which 
he  acquired  considerable  riches,  and  returning  at  length  to 
Florence  with  his  fortune,  first  made  known  in  Europe  the  axt 
of  dyeing  with  archil.  It  is  said  that  a  little  before  his  return 
from  the  Levant,  happening  to  make  water  on  a  rock  covered 
with  this  lichen,  he  observed  that  the  plant,  which  was  then 
called  raqno  or  respo,  and  in  Spain  orciglia.,  acquired  by  the 
urine  a  pui-ple,  or,  as  others  say,  a  red  colour.  He  therefore 
tried  several  experiments,  and  when  he  had  brought  to  perfection 
the  art  of  dyeing  wool  with  this  plant,  he  made  it  known  at 
Florence,  where  he  alone  practised  it  for  a  considerable  time  to 
the  great  benefit  of  the  state.  From  this  useful  invention  the 
family  received  the  name  Oricellarii,  from  which  at  last  was 
formed  Rucellai. 

*  Leeds,  Ber.  Dcutseh.  Ch4^m,  Gcs.  xiv.  483. 

2  Stenhouse,  Proc.  Roy,  Soc,  xix.  41  ;  Merz  and  Zellcr,  Bcr,  DaUsch,   Chem. 
Ges.  xii.  2038. 
'  Bcckmann's  History  of  Inventions,  vol.  i.  p.  87. 


As  several  documonts,  still  preserved  among  the  Florentiiie 
archives,  confirm  the  above  account  of  the  origin  of  this  family 
name,  from  the  discovery  of  dyeing  with  oricello,'  we  may,  in 
my  opinion,  consider  it  as  certain  that  the  Europeans,  and  first 
the  Florentines,  were  made  acquainted  with  this  dye-stuff  and 
its  use  in  tlie  beginning  of  the  fourt«;nth  century.  At  that 
time  the  Italians  brought  from  the  East  the  seeds  of  many  arts 
and  sciences,  which,  afterwards  sown  and  nurtured  in  Europe, 
produced  the  richest  harvests ;  and  nothing  is  more  C4>rtain  than 
that  the  art  of  dyeing  was  brought  to  ns  from  the  East  by  the 
Italians.  I  do  not  belitve  that  the  merit  of  having  discovered 
this  dye  by  the  above-mentionefJ  accident  is  due  to  that  Floren- 
tine ;  but  I  am  of  opinion  that  he  learned  the  art  in  the  Levant, 
and  on  bis  return  taught  it  to  his  countrymen,  which  was  doing 
them  no  small  service. 

The  ari:hil  Ucbena,  the  most  valuable  of  which  are  SociUa  littc- 
toria  and  B.  fiiciformia,  occur  in  several  varieties  an*!  in  con- 
siderable quantity  on  the  coasts  of  warm  and  tropical  countries, 
such  as  the  islands  of  the  Uediterranean,  the  Canary  and  Cape 
f-  Verde   Islands.   Madagascar,   Zanzibar,    Angola.   Ceylon,  Java, 
fcrbru,  Chili,  &c. 

The  old  method  for  the  preparation  of  archil  consisted  in 
»ting  the  lichens  n-ith  stale  urine  and  hme  in  Wgc  casks 
L^tovided  with  moveable  hds,  a  considerable  quantity  of  alum 
■Juul  white  arsenic  being  added  to  prevent  the  fermentation  from 
sing  to  a  further  stage.  The  mixture  is  well  i^tated  for  a 
Vfloonth  and  then  stored  in  casks  in  which  it  is  alloweil  to  stiuid 
mix  a  long  time  before  use,  the  colour  being  found  to  improve  on 


e  modem  process  consists  in  treating  the  finely-chopped 

^ens  with  dilute  ammonia,  and  keeping  the  mixture  at  the 

tonperaturo  of  the  air  or  at  a  slightly  higher  one  until  a  dark 

vi'det  paste  lias  been  formed;  this  is  diluted  with  ammonia  and 

filtered  through  a  press ;  the  solution  thus  obtained  is  known  as 

I  blue  archil     Red  archil  is  obtained  from  this  by  gentle  heating, 

c  ammonia  being  thus  removed. 

Stenbouse  proposed  first  to  extract  the  lichens  with  milk 
'  lime,  precipitate  the  solution  with  hydrochloric  acid  and 
up   the  erythrin,  &c.,  thus  obtained  as   by-prodncts,  the 


s  Jncnmenta  trnm  tli'!  Florenline  r 
ia  Xaami  de  Florcntinii  /ntvn^u  Ctrmmi 
M  the  pn.iBagi>  in  qiii-ntion. 
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colouring  matter  being  thus  left  in  a  much  purer  condition. 
Mamas  of  Lyons  found  that  the  best  results  were  obtained  by 
extracting  with  dilute  ammonia  and  warming  the  compounds 
precipitated  from  the  solution  with  ammonia  in  a  current  of  air 
to  70**  for  about  three  weeks.  On  addition  of  calcium  chloride 
a  precipitate,  known  as  French  picrjde  (pourpre  fran^ise),  is 
thrown  down,  and  the  material  thus  obtained  yields  much  finer 
and  clearer  shades  than  archil. 

Since  the  discovery  of  the  aniline  dyes,  archil  has  lost  much 
of  its  commercial  importance ;  it  is  now  only  used  in  combina- 
tion with  other  colouring  matters  in  order  to  obtain  certain 
shades  of  brown,  and  for  the  production  of  a  cheap  blue  for  wool 
dyeing ;  the  material  is  first  grounded  with  indigo  and  then  dyed 
with  archil,  the  result  being  a  dye  which  is  similar  to  that  of 
genuine  indigo-blue. 

Cudbear  or  Persio.  The  inhabitants  of  Sweden,  Scotland, 
Ireland,  Wales,  &c.,  have  for  centuries  been  in  the  habit  of 
using  various  kinds  of  lichen,  especially  Lecaiwra  tinctoria,  for 
wool-dyeing,  the  colour  being  produced  by  treatment  of  the 
lichen  with  urine.  During  last  century  a  patent  was  taken  out 
by  Dr.  Cuthbert  Gordon  for  the  preparation  of  cudbear,^  by 
drying  and  powdering  the  pasty  mass  obtained  by  the  action  of 
ammonia  or  urine  on  the  lichens.  Cudbear  is  prepared  in  the 
Auvergne  from  Variolaria  orcina  by  a  similar  method. 

Orcein.  Robiquet  has  given  this  name  to  the  colouring 
matter  of  archil,  which  is  formed,  as  he  discovered,  by  the  action 
of  hydrogen  and  ammonia  on  orcinol.^  Gerhardt  calculated  its 
formula  from  the  analyses  of  Dumas  and  Kane,^  and  gave  the 
following  equation  for  its  formation : 

CyHgO^  +  NH3  +  30  =  O7H7NO3  +  2H2O. 

Kane  prepared  orcein  from  commercial  archil ;  he  describes  it 
as  a  carmine-red  powder,  containing  carbon  and  nitrogen  in  a 
constant  ratio,  while  the  amount  of  oxygen  is  variable,  being 
larger  as  the  archil  becomes  older ;  hence  he  assumed  that  it 
consists  of  two  similar  colouring-matters,  a-orcein  and  ^-orcein. 

Liebermann,  who  obtained  the  colouring  matter  by  the  action 
of  gaseous  ammonia  and  air  on  pure  orcinol,  found  that  two 

^  Bancroft,  Philosophy  qf  Permanent  Colours,  1813,  i.  800. 
'  Ann.  Chim.  Phys.  fviii.  820. 
•  Ann.  Chem.  Phann.  xxxix.  26. 
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compoumla     are    thus     formed     according    to    the     following 
eijuationa : 

C^H^NO,  +  NH3+ O  =  C„H,jN,0,  +  2HjO. 

The  latter  is  therefore  formed  in  larger  quantity  when  the 
action  of  the  ammonia  is  allowed  to  ccmtinue  for  some  time;  It 
is  less  soluble  in  aqueous  ammonia  and  alcoliol  than  the  former 
compound.  Both  occ\ir  as  amorphous  masses  having  a  beetle- 
grefii  histre.  and  forming  splendid  purple  solutions  with  alkalis ; 
but  ihc  solution  of  the  second  compound  has  a  bluer  sli.'wie  than 
that  of  the  first* 

3040  Litnivs  ^tonrruaolso  Laehniis)  was  discflvered  by  the  Dutch.' 
It  is  prepared  from  various  species  of  R'fdla,  Varixlaria  and 
Lccnnora,  by  allowing  them  to  ferment  in  contact  with  ammonia 
and  carbonate  of  potash,  as  in  the  manufacture  of  archil.  When 
the  mass  has  become  violet,  stale  urine,  hme  and  potaahes  are 
idded,  and  the  mass  again  allowed  to  ferment  until  it  has  ns- 
med  a  blue  colour ;  it  is  then  mised  with  gypsum  or  chalk, 
land  a  little  indigo,^  and  made  up  into  small  tablets. 

Kane  was  the  first  more  acciirately  to  investigate  litmus,  and  he 
ined  several  colouring  matters  and  other  substances  from  it.* 
Martha,  who  also  investigated  the  colouring  matter  of  litmus, 
«nd  indigo  in  it ;  this,  however,  had  probably  been  purposely 
Ided  as,  just  described,  although  it  may  possibly  have  been 
ived  from  the  urine,  which  is  known  to  contain  appreciable 
Biantities  of  a  substance  which  j-ields  indigo  on  decomposition. 
Pn  extracting  htmus  with  cold  alcohol.  Wartha  obtained  a  red 
oloimng  matter  which  is  indifferent  towards  acids,  and  yields 
mus  blue  and  another  substance  when  ti'eated  with  water. 
,  evaporating  the  solution  and  treating  the  residue  with 
Mlnte  alcohol  and  a  little  acetic  acid,  a  scarlet  colouring 
istter  is  removed,  and  this  is  changed  to  a  p\irple  by  ammonia, 
i  the  pure  litmus  blue  remains  behind  as  a  brown  powder, 
^licli  forms  a  reddish  brown  aqueous  solution  turned  blue  by 
e  slightest  trace  of  an  alkah.^ 
According  to  De  Liiyiies,  the  pure  colouring  matt^-r  is  obtained 
r  digesting  1  part  of  orcinol  with  5  parts  of  ammonia  and  25 

>  But.  DevUtk.  C/iem,  Ota.  viii.  1849. 

*  Thi?  origiii  iif  thin  uiliiip  m  unknown  ;  it  luny  peihapa  lie  denrcil  from  Latea 
ttei,  >  lftk«  pnfpnrL>d  from  mnsa.  '  Gottliub,  Cliem.  Tceh.  p.  [131. 

*  lee.  til.  »  Ber.  DculxA.  Chan.  Qa.  \x.  217. 
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parts  of  crystallized  carbonate  of  soda  for  four  or  five  days  at 
60**— 80**,  and  precipitating  the  solution  with  hydrochloric  acid.  It 
is  only  slightly  soluble  in  water,  and  the  wine-red  colour  of  this 
solution  is  changed  to  bluish  violet  by  alkalis,  and  to  a  reddish 
brown  by  acids.  It  yields  a  red  solution  with  alcohol,  and  a 
yellow  one  with  ether.  De  Luynes  considers  that  the  colouring 
matter  is  a  weak  acid  which  forms  blue  salts,  the  potassium 
salt  existing  in  litmus.^ 

Litmus  is  not  only  employed  in  the  laboratory  in  the  form  of 
litmus  paper  and  tincture,  but  is  also  used  for  colouring  wine 
and  vinegar.    The  colouring  matter  can  readily  be  recognized  by 
its  absorption  spectrum ;  ether  extracts  it  from  an  acid  solution 
yielding  a  yellow  liquid  which  absorbs  the  left  end  of  the  spec- 
trum up  to  E  i  D.     A  drop  of  ammonia  colours  the  solution 
blue,  an  absorption  band  being  formed  which  begins  at  d,  where 
it  is  very  intense,  gradually  diminishing  to  E.     On  shakifig  with 
water  the  colouring  matter  is  taken  up,  and  the  blue  solution 
gives  an  absorption  band  at  D  ;  the  addition  of  acid  now  changes 
the  colour  to  brick-red,  and  the  solution   gives  an  absorption 
spectrum  similar  to  that  of  wine.^ 

Ribbon  Litimis  {Tourtiesollappen,  toumcsol  en  drapeaiix,  Bezetta^ 
Lackmus  in  Fleckchen)  is  obtained  in  southern  France  trom 
the  expressed  sap  of  Groton  tinctoHum ;  linen  rags  are  soaked 
in  the  sap,  dried  in  the  sun,  and  then  exposed  on  heaps  of 
horse-dung  covered  with  chopped  straw,  the  ammonia  evolved 
being  sufficient  to  change  the  colour  of  the  rags,  which  are  fre- 
quently turned,  to  blue.  They  are  then  again  dipped  in  the 
sap,  to  which  urine  has  been  added,  the  colour  thus  produced 
becoming  dark  green  or  purple-red  on  drying,  and  they  are  then 
brought  into  the  market.  It  was  formerly  believed  that  the 
Dut<^h  employed  them  for  the  manufacture  of  litmus,  but  this  is 
not  the  case ;  they  are  actually  used  to  colour  the  exterior  of 
cheeses  red. 

The  colouring  matter  contained  in  these  ribbons  has  not  been 
accurately  investigated;  acids  change  it  to  red,  but  the  blue 
colour  is  not  restored  by  alkalis. 

^  Jahrcshcr.  1864,  551. 

'  Vogol,  Spcctralanali/sc,  \y.  209. 
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CRESORCINOL,  CaH3(CHj)(OH}3(l:2:*j. 

3041  This  di  hydroxy  toluene,  which  was  called  lutorcin  by 
Vogt  aod  Heiininger,  may  be  prepared  from  yS-  and  y-amido- 
paracresol  by  the  diazo-reactioa '  and  by  fusing  bromoparacreaol 
with  caustic  potash.' 

It  18  readily  soluble  in  water,  alcohol,  ether  and  benzene,  and 
crystallizes  in  mouosym  metric  prisms  which  form  characteristic 
spherical  segregates  and  melt  at  104°— 105°.  Ferric  chloride 
produces  an  unstable,  greenish  blue  colouration,  and  an  alkaliiiu 
solution  becomes  coloured  red  in  the  air.  Like  resorcinol  it  re- 
duces silver  solution  in  the  cold,  is  not  precipitat43d  by  lead 
acetate,  and  gives  a  precipitate  with  bromine  water  which  soon 
becomes  crystalline.  On  heating  with  phtbalic  anhydride  and 
■_  dissolving  the  mass  in  dilute  caustic  soda,  a  solution  is  formed 
Kjuesessing  as  fine  a  green  fluorescence  as  does  that  obtmned  by 
~ii  similar  process  from  resorcinol.  It  differs  however  from  the 
latt«T  in  yielding  no  colouring  matter  when  heated  with  sul- 
phuric acid  and  nitrobenzene.  In  presence  of  ammonia  and 
moist  MT  it  is  converted  into  yellow  cresorcein,  which  dissolves 
in  dilute  caustic  soda,  forming  a  blue  solution  turned  red  by 
acetic  acid. 

Isorcinol.  Senhofer  obtained  this  compound  by  the  fusion  of 
T-toluenedisulphonic  acid,'  and  Hakansson  prepared  a-isorcinol 
in  a  similar  manner  from  a-toluenedisulphonic  acid.*  Claesaon 
subsequently  showed  that  these  two  sulphonic  acids  are  identical, 
and  that,  therefore,  only  one  isorcinol  can  exist.  It  crystallizes 
~'  needles  melting  at  87°— 88°,  but  it  resembles  cresorcino! 
I  closely  that  Neville  and  Wiuther  look  upon  the  two  as 
mtical.  an  opinion  which  is  supported  by  the  fact  that  the 
toluenedisulpbonic  acid  luta  the  side  chains  in  the  same  relation 
scresorcinoL 

»  Kn«elit,  Bcr.  DailjKh.  Chrm.  Oa.  iv.  298  and  1009  ;  Aaa.  Chem.  Pharai. 
VI.  S3  :  Wdlwh,  iMrf.  lY.  2831  :  Neville  and  Wiuther,  ihid.  x\.  2980. 
?  Togt  «nil  Henninger,  Bid.  xv.  I08I. 
■  ^im.  Chrm.  Phann.  clxiv.  ISl. 
•  Ber,  DciUxk.  Chtm.  Gcj.  v.  1U8J. 
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TOLUQUINOL,  OR  TOLUHYDROQUINONE. 

CeH3(CH3)(OH),(l :  2  : 5). 

2042  This  compound  may  be  obtained  from  orthotoluidine 
just  as  is  quinol  from  aniline,^  and  may  also  be  prepared  from 
/9-amido-orthocresol  by  means  of  the  diazo-reaction.*  It  is 
readily  soluble  in  water,  alcohol  and  ether,  and  crystallizes  from 
hot  l)onzene  or  toluene  in  pointed,  rhombic  plates  which  have  a 
nacreous  lustre  and  melt  at  124**.  Caustic  soda  produces  a 
bluish  green  colouration  which  rapidly  changes  to  dark  brown; 
bleaching  powder  solution  gives  the  same  reaction,  but  when 
very  dilute  prcxlucos  a  brownish  red  colour.  Oxidizing  agents 
readily  convert  it  into  toluquinone. 

Tolnquinol  monamcthyl  ether,  CeH3(CH3)(OCH3)OH,is  formed, 
together  with  the  compound  described  below,  by  heating  tolu- 
quinol  with  caustic  soda,  methyl  iodide  and  wood-spirit  to  190*. 
It  has  a  faint  smell  of  creosote,  crystallizes  in  plates  melting  at 
72°,  boils  at  240°— 245*,  and  yields  toluquinone  on  oxidation. 

Toluquinol  dimethyl  ether ,  CgH3(CH3) (00113)2,  can  easily  be 
sepamted  from  the  monomethyl  ether,  since  it  is  insoluble  in 
alkalis  and  non-volatile  in  steam.  It  is  a  liquid  which  has  a 
pleasant  smell  like  fennel  and  boils  at  214°— 218*.  When 
oxidized  by  chromic  acid  in  acetic  acid  solution,  it  is  converted 
into  a  compound,  CigHiQ04,  which  is  precipitated  by  water  in 
brick-red  needles  and  crystallizes  from  its  deep  yellow  alcoholic^ 
solution,  in  hair-like  needles,  which  appear  almost  black  when 
seen  in  masses  and  become  silver-grey  on  drying.  They  melt  at 
1 53°  and  sublime  when  more  strongly  heated.  Ammonium  sul- 
phide reduces  it  to  the  compound  C^gH^gO^,  crystallizing  from 
alcohol  in  small  prisms,  melting  at  173°,  which  are  readily 
re-oxidized. 

IHacxtotolicqninol,  CgH3(CH3)(OCO.CH3)2,  is  formed  by  the 
action  of  acetyl  chloride  on  toluquinol ;  it  crystallizes  from 
alcohol  in  large  tablets  melting  at  72°  (Nietzki). 

*  Nietzki,  Bcr.  Dcutsch.  Chem,  Gcs.  x.  834,  1935  ;  Ann.  Chan.  Fhann.  ccxv. 
158. 
2  Neville  and  Winther,  Ber,  Dcutsch,  Chtm.  Gcs.  xv.  2979. 
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TOLUQUINONE,    CgHgCCH.JOj. 

2043  This  compouiul  is  forin(?d  when  paradiamidotoluene,' 
crude  cresoP  or  amidortiiocreBol  *  is  oxidized  with  manganese 
dioxide  and  dilute  sulphuric  acid,  or  when  orthotoluidine  hydro- 
chloride is  lieatod  witli  ferric  chloride.*  It  crystallizes  in  small 
golden-yellow  plates  which  readily  volatilize,  have  a  penetrating 
smell  resembling  that  of  benzoquiuone,  and  melt  at  69°.  It 
dissolves  slightly  in  cold,  more  readily  in  hot  water,  forming  a 
golden-yellow  solution  which  is  coloured  brownish  red  by  alkalis. 
Sulphurous  acid  reduces  it  to  toluquinoL 

JHanilidotoluquinone,  C^n{Cn^O^{'^n.C^;}^,  is  obtained  by 
the  action  of  aniline  on  toluquinone  in  alcoholic  solution ; 
it  crystallizes  from  hot  glacial  acetic  acid  in  brown,  matted 
needles,  which  melt  at  232°  — 233"  and  form  a  blood-red  solution 
in  sulphuric  acid.  When  boiled  with  alcohol  and  sulphuric 
acid,  anilidohydroxytoluqu.inc»u,  C^{CK^0^(^'3..C^^0}1,  is 
formed ;  it  crystallizes  &om  alcohol  or  acetic  acid  in  deep  blue 
needles  and  forms  salts  with  bases. 

Dianilidaoluquinme  anilide.  CaHCCHj)0(NC8H,)(NH.CflHJj, 

'  I  formed  when  aniline  and  toluquinone  arc  brought  together  in 

Piolution  in  a  mixture  of  alcohol  and  acetic  acid.      It  crystallizes 

broad  dark-brown  plates  which  have  a  blue  surface  lustre, 

Kmelt  at  167°  and  combine  with  acids  to  form  salts,  which  are  only 

""ightly  soluble  in  water  but  crystallize  well  from  alcohol. 

On  heating  with  alcoholic  sulphuric  acid,  anUido-ethoxytolu- 
yw.-nOTi«a»i/irf,!,CaH(CH3)0(NCaHJ(NH.CaHs)OC,H5.  is  formed; 
this  compound  crystallizes  from  alcohol  in  silky,  red  neeilles 
melting  at  115° — 116°,  is  a  tolerably  strong  base  and  forms  blue 
«alt&  It  dissolves  in  concentrated  sulphuric  acid  with  a  green 
On  treatment  with  alcoholic  potash  it  yields  anilido- 
fdrtxtytol^iquinme  anilide.  Cfi{GK^O(liCJlS(^^Ge'^^)OK, 
Uizing  tirom  hot,  dilute  acetic  acid  in  brownish  needles, 
ich  form  a  deep  green  solution  in  sulphuric  acid.  It  forms 
toluble  or  difficultly  soluble  salts  with  the  metals. 
.  DihydraiyMiupiirKme,   G^{C]i.^O^{0^)^,    is  obtained    from 

'  KiBt7ki,  foe.  eU. 

*  Oawtanjen,  Jimm.  Frahl.  Cheai.  [2]  iiiii  423. 

*  Ndlting  and  Kohn,  Bcr.  Dcultch.  Chen.  O-a.  xvii.  870, 

*  Lndeuhurg,  ibid.  i.  lies. 

■  vol.    hi. — PAJIT   IV,  t. 
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the  preceding  compotind  by  the  action  of  very  dilute  caustic  potash 
solution.  It  is  readily  soluble  in  most  solvents  and  crystallizes 
from  them  badly ;  it  readily  sublimes,  however,  in  brownish 
yellow,  lustrous  plates,  melting  at  177°.  Its  salts  form  insoluble 
or  only  slightly  soluble  precipitates  which  are  not  characteristic.^ 
Tolu^dnhydrone,  Ccl4(CH3)02+CeH3(CH8)(OH)2,  is  obtained 
by  mixing  aqueous  solutions  of  the  two  constituents,  and  crys- 
tallizes in  fine,  almost  black  needles  which  melt  at  52°  and  are 
tolerably  soluble  in  water  forming  a  brownish  yellow  solution 
(Nietzki). 


SUBSTITUTION  PRODUCTS  OF  TOLUQUINONE. 

The  chlorine  substitution  products  are  obtained  by  treating 
orthocresol  or  metacresol,  and  therefore  also  crude  cresol,  witb- 
potassium  chlorate  and  hydrochloric  acid.^     Trichloroquinone  i^ 
likewise  formed  by  this  method  from  orthotoluidineparasulphonic^ 
acid.3     Sulphurous  acid  converts  them  into  the  corresponding 
derivatives  of  toluquinol. 

Dichlorotoluquinone,      CyH^ClgOg,     yellow  transparent  tablets. 
Trichlorotoluquinone,     C7H3CI3O2,    yellow  plates. 

Tetrachlorotoluquinone.C,H,ClA.      {  ^''' ty^tak  *''''^'    "^^ 
Tribromotoluquinone,*    CyH^BrgOo,    yellow  plates. 


TOLUQUINONOXIME  COMPOUNDS. 

2044  a-Toluq^idnonoxime,  CgH3(CH3)0(NOH).  This  compound 
which  is  generally  known  as  nitroso-orthocresol,  is  formed  in  an 
analogous  manner  to  quinonoxime  (Part  III.  p.  171)  by  the  action 
of  nitrosyl  sulphate  on  an  aqueous  solution  of  orthocresol,*  or 
by  adding  hydroxylamine  hydrochloride  to  a  dilute  solution  of 
toluquinone.^  It  is  only  slightly  soluble  in  cold,  more  readily  in  hot 

*  Hagon  and  Zincko,  Bcr.  Dcutsch.  Chein.  Gcs.  xvL  1558. 

*  Southworth,  Ann,  Chem.  Phnrin.  clxviii.  274  ;  Berginann,  Hid,  clii   248 ; 
Iliiinninger,  ihid.  clxxxv.  852  ;  Knapj)  and  Schultz,  ibid,  ccx.  176. 

^  Hayduck,  ibid.  clxxiL  209. 

*  Canzoneri  and  Spica,  Ber.  Dcutsch.  Chcm.  Gcs.  xvi.  793. 
^  Niilting  and  Kohn,  ibid.  xvii.  370. 

^  Goldscnmidt  and  Schmidt,  ibid,  xviL  2063. 
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water,  from  which  it  crystallizes  in  long,  white  neeiUes,  melting 
at  134** — 135^  It  forms  a  reddish  brown  solution  in  dilute 
alkalis,  and  is  thrown  down  by  acids  as  a  whiter  flocculent 
precipitate. 

Potassium  a'tol2iquinonoxi7nate,  CgH3(CH3)0(NOK),    is   ob- 
tained by  the  addition  of  an  ethereal  solution  of  tolucjuinone- 
oxime   to    a  solution   of    potassium   ethylate,  as    a  yellowish 
green  precipitate,   which   crystallizes  from   acetone   in    brown 
needles. 

Sodium  a-toluquinonoxiyncUe,  CgH3(CH3)0(NONa)4-3HoO,  is 
a  dark  green  precipitate  which  crystallizes  from  acetone  in  short, 
brown  needles,  and  forms  a  reddish  brown  solution  in  water ;  it 
detonates  when  heated. 

Toluquinonoxime  gives  Liebermann's  reaction  with  phenol 
and  sulphuric  acid;  potassium  ferricyanide  oxidizes  it  to 
^-nitro-orthocresol,  and  nitric  acid  to  dinitro-orthocresol,  while  it 
18  converted  into  8-amido-orthocresol  by  reduction. 

orToluquinane  chlorimide,  CgH3(CH3)0(NCl),  is  formed  in  an 
analogous  manner  to  quinone  chlorimide  when  a  concentrated 
solution  of  bleaching  powder  is  added  to  a  dilute  hydrochloric  acid 
solution  of  7-amido-orthocresol ;  the  liquid  first  becomes  coloured 
cherry-red,  changing  to  golden-yellow,  the  chlorimide  then 
separating  out.  It  crystallizes  from  benzene  in  yellow  needles, 
^Uch  melt  at  87** — 88**  and  detonate  at  higher  temperatures, 
"ten  boiled  with  water  it  volatilizes,  a  portion  being  simul- 
taneously decomposed  into  a-toluquinone  and  brown,  amorphous 
'^es;  it  also  gives  Liebermann's  reaction.^ 

fi'Toluqimumoxime,  or  NitrosoTnetacresol,  C„H3(CH3)0(NOH), 
f^been  prepared  by  boiling  nitrosodimethylmetatoluidine ;  it 
^  slightly  soluble  in  hot  water,  from  which  it  crystallizes  in 
^^1,  colourless  needles,  while  it  is  deposited  from  solution  in 
ether  or  acetic  acid  in  thick  needles  or  prisms,  decomposing  at 

fi-ToluquinoTuxcii/ie  acetate,  C^jH3(CH.j)0(NO.C2H30),  is  ob- 
™^e(i  by  the  action  of  acetic  anhydride  on  the  compound 
jU8t  described ;  it  crystallizes  from  alcohol  in  prisms  melting  at 

^"Toluquinonoxime  gives  Liebennann's  reaction  in  a  most 
characteristic  manner ;  nitric  acitl  oxidizes  it  to  trinitrometa- 
cresoL* 

*  Hirsch,  Jhr.  Ikuiscfi.  Chem.  (^t.  xviii.  1514. 
-  Wureterand  Riedol,  ibid.  xiL  1799. 

K  2 


A9  AROMATIC  COMPOUNDS. 


T\\{s    following  fonnulos  explain  the  isomerism   of  the  two 

U>huitiinonoxiino8 : 

CO  CO 


\         ..  ../ 


IH)     C--V\U  HC     CH 


3 


J     Ci 


\\C     CM  HC     C— CH, 

\.'  V 

V.  c 

II  II 

NOH.  NOH. 

Parmn*i»Mol  (Kh\h  not  form  a  nitroao-compound  or  quinonoxime, 
ninro  tlio  nioihyl  gnnip  in  Hituatoti  in  the  para-position. 

llf/ihwi/tohi,finfwfiiKntfu\     C,,H«(CH3)(0H)0(N0H).       Thi« 
ron»iM)\in<l.  wliioli    i«  hIho  oalUnl  nitroso-orcinol,  is  obtained  by 
rva|M)riUing  a  Hohition  of  12  ^unmos  of  orcinol  and  4  grammes 
of  (Mumtio  H(hIu  to  a  HYnip.  and  gnuiually  adding  12  grammes 
of  aniyl   nitrit^^  to  tlio  cold  mass  with  constant  stirring;   the 
niixtnro  in  then  grntly  lioaUni  on  the  water-bath  until  a  small 
I>ortion  diHHolvod  in  wairr  givi«  txivd  precipitate  with  sulphuric 
lU'id.  Tho  ftimul  niiuw  in  thon  dissolvoil  in  water  and  precipitated 
with  tlihiU'  Hulpluiric  iumcI.  NitnKso-oroinol  crystallizes  from  alcohol 
in  Kinall  tlark  nnl  prisms,  which  IxxxMne  coloured  black  at  110* 
without  molting.^     It  has  the  following  constitution : 

CO 

/\ 
HC      CH 


OH— C      C— CHj 
C 


NOH. 

AzO'Orcin,  Ci^H^NOs.  Weselsky  obtained  this  compound  by 
the  action  of  his  reagent  on  an  ethereal  solution  of  orcinol ;  •  it  is 
also  formed  when  orcinol  is  heated  on  the  water-bath  with  nitroso- 
orcinol  and  sulphuric  acid  (Brunner  and  Kriimer).  It  crystal- 
lizes in  small,  brownish  rod  prisms  which  dissolve  in  alkalis 
forming  a  deep  purple-coloured  solution  with  a  splendid  orange- 

*  Brunner  and  Kramer,  Ber.  DeuUeh,  Chem,  Ocs,  xvii.  1879. 
«  Ibid.  vii.  439. 
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red    fluorescence;   acids  precipitate   it   from   thiM  n»  a  v^tHrUit 
powder. 

Its  formation  is  quite  anakjgous  to  that  of  !iyj}rt^mnn, 
CjjHgNO^  (Part  III.  p.  176),  but  it  ib  not  honiol^/goij»  with  this 
substance.  The  homologous  compound  is,  however,  firnt  UfntuA 
and  is  converted  into  azoKircin  with  1'jss  tjt  waU.'r;  the  Jatter 
compound  may  probably  possess  the  following  cr/rwtitutiori : 

O  p  () 

^O  o  o 

Liebermann  obtained  a  similar  crJouririg  rriatU.T  by  irnu\\iH\\y 
adding  40  grammes  of  his  reagent  U}  a  s^/hition  of  10  ^^^muntn 
of  orcinol  in  10  grammes  of  sulphuric  af;id.*  Another  r:/Jouring 
matter  is  simultaneously  fonne^J  but  can  easily  Ui  i¥:\ninkUt)i\,  sm 
it  forms  a  sodium  salt  which  is  ins^Juble  in  alc^/hol,  while  that 
of  the  former  forms  a  purple-rwl  s^Jution  with  a  cinnaljar-nf^l 
fluorescence.  The  colouring  matU.'r,  ^^k''«^'^-^#;'  ^''p^irafUjrl  from 
this  solution  by  the  addition  of  an  a/Hd,  is  an  anjorf^hous  warn 
with  a  beetle-green  fluorescence,  the  suiw^tmn  alkaline  sr/lution  of 
which  has  a  brownish  red  fluoresc^^nce.  Tlie  fonnation  of  this 
compound  corresponds  exactly  to  that  of  LMn;nitfiUu*H  phenol 
colouring-matter,  and  its  constitution  is  then;fore  the  following  : 

OH 


HOV 


/ 

OH. 


The  second  colouring  matter,  C^^H^jNO^,  is  an  oxirjation 
product  of  the  fonner,  which  it  resembles  very  clo>Mrly ;  itn  violet 
alkaline  solution,  however,  does  not  fluoresce  (Bruuner  and 
Kramer). 


TRIHYDROXYTOLUENES,  C^H/CHj)^©!!) 


V 


2045  MeihylpyrogaWA,  or  MdhyljfyrogaUic  ari/I,  is  the  only 
known  compound  of  this  group.  Its  dimethyl  ether  ^jccurs, 
together  with  the  same  ethers  of  jim^gallol  and  propyljnrogallol 

'  B^r.  iMHtJfch.  Chrm.  Gc*.  vU.  1110. 
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in  the  fraction  of  beech-wood-tar  creosote  which  dissolves  in 
alkalis  and  boils  at  between  255''  and  270^  In  order  to 
separate  them,  the  mixture  is  heated  with  benzoyl  chloride,  the 
benzoic  ethers  separated  by  fractional  crystallization  and  then 
decomposed  by  alcoholic  potash. 

3f€thi/l2W^gallol  dimethyl  ether,  GQEL^{CR^{OCH^fiK,  is  a 
crystalline  substance,  melts  at  36°,  and  boils  at  265°.  On  heating 
with  concentrated  hydrochloric  acid,  methylpyrogallol  is  obtained ; 
this  closely  resembles  pyrogallol,  and  on  heating  sublimes  in 
needles,  which  melt  at  129^  Its  aqueous  solution  is  coloured 
brown  by  ferrous  sulphate,  and  its  alkaline  solution  rapidly  turns 
brown  in  the  air.^ 


AMIDO-DERIVATIVES  OF  TOLUENE. 

Amidotoluenes,  or  Toluidines,  CgH^(CH3)NH^ 

2046  Tlie  history  of  these  compounds  goes  hand  in  hand 
with  that  of  the  nitrotohienes.  Hofmann  and  Muspratt  reduced 
crude  nitrotoluene  by  repeated  treatment  with  alcoholic  am- 
monium sulpliide  and  obtained  the  product  free  from  unaltered 
nitrotohiene  by  washing  well  Avith  water,  treating  with  hydro- 
chloric acid  and  distilling  the  liquid,  after  the  removal  of  all 
alcohol  by  evaporation,  with  caustic  soda ;  they  thus  obtained  an 
oily  liquid  which  solidified  after  some  time  to  a  crystalline  mass, 
and  to  this  now  organic  base  they  gave  the  name  toluidine.  The 
aqueous  distillate  obtained  in  the  preparation  contained  some 
ammonia  and  a  not  inconsiderable  amount  of  base  in  solution ; 
the  whole  distillate  was  therefore  treated  with  an  excess  of 
ammonium  oxalate,  evaporated  to  dryness  on  the  water-bath 
and  the  residue  extracted  with  boiling  absolute  alcohol, 
ammonium  oxalate  being  in  this  way  left  undissolved.  On 
cooling,  toluidine  oxalate  separated  out  in  white  crystals,  which 
were  washed.,  dissolved  in  hot  water,  and  decomposed  with 
concentrated  caustic  potash  solution.  The  oil  which  separated 
out  solidified  on  cooling  to  a  radiating  crystalline  mass  of 
pure  toluidine,  the  properties  of  which  were  then  accurately 
investigated. 

After  the  discovery  of  the  aniline  dyes,  aniline  and  toluidine, 

^  Hofmann,  Bcr,  DciUsch  /^-«»   Oct,  xiL  1371. 


or  rather  a  mixture  of  the  two  cdUed  aniline  oil,  was  manu- 
fecturecl  on  tiie  lai^e  scale;  and  Rosenstiehl  found  ia  this 
mixture  a  liquid  baas,  iBonieric  with  the  ordinary  tolnidiod,  to 
which  he  gave  the  name  of  pxitdotoluidinc.  We  have  already 
pointtsd  out  that  the  three  nitrotoluenea  are  formed  in  varying 
quantities  by  the  nitration  of  toluene.  If  concent  rate*  1  acid 
be  employed  without  cooling,  paranitro toluene  is  chiefly  formed, 
and  this  yields  on  reduction  the  solid  paratoluidine  obtained  by 
Hofmcuin  and  Muspratt.  If,  however,  a  weaker  acid  be  eni[»lnye<i, 
and  the  temperature  be  kept  low,  more  of  the  ortho-compound  is 
formed,  and  it  is  from  this  that  the  pHoudotoluiihne  ia  derived  ; 
a  Email  quantity  of  metanitrotoluene  being,  however,  invariably 
produced. 

The  toluidines  are  manufactured  on  a  large  scale ;  the  pora- 
compoimd  ia  tliat  which  ia  most  readily  obtained  in  the 
pure  state,  as  the  purification  of  paranitrotoluenc  offers  no 
didiciilties,  whilst  it  is  very  difficult,  working  on  the  large 
scale,  to  obtain  aii  orthonitro  toluene  free  from  paranitro  toluene, 
80  that  ordinary  commercial  ortbotoluidine  alwayn  contains  souio 
of  the  para-compound  together  with  metatoluidine  and  generally 
k  little  aniline. 

The  amount  of  paratoluidine  in  such  a  mixture  can  roaihly  1>o 
vSetennined  by  means  of  the  different  solubilities  of  tlie  oxalates 
1  ether;  at  13' 

Aciil  paratoluitline  oxalate  requires  6660  parts  of  other, 
Acid  orthotohiidine  oxalate      „  200  „ 

r  solution.  A  small  quantity,  about  0'2  grms.,  of  the  mixture 
B  dissolved  in  80  grms.  of  ether  and  titrated  with  a  solution  of 
1'062  grms.  of  oxalic  acid  in  250  c.c.  of  ether  until  no  further 
cipitate  is  foniied.  Each  cubic  centimetre  of  the  solution 
nployed  corresponds  to  0005  grms.  of  paratoluidine.'  The 
of  the  reaction  can  easily  be  rccogniseil  by  the  add 
ictton  of  the  solution  towards  litmu,s-papcr  as  soon  as  the 
Ibotoliiidine  oxalate  commences  to  be  formed.  The  detcr- 
tioo  is  rendered  still  more  accurate  by  adding  an  excess  of 
:  acid  solution  to  the  solution  of  the  bases,  filtering  from 
B  precipitate,  evaporating  the  ether,  dissolving  the  residue  in 
h  little  wat.er  and  determining  the  excess  of  oxnlic  acid  by 
inormal  caustic  soda  sohition.* 
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In  order  to  separate  larger  quantities  of  the  base,  an  amount 
of  oxalic  or  sulphuric  acid  equivalent  to  the  paratoluidine 
present  is  added,  and  the  whole  distilled  with  steam;  ortho- 
toluidine  alone  passes  over,  and  the  para-compound  as  the 
stronger  base  remains  behind  in  combination  with  the  acid 
(Rosenstiehl). 

Ihle  dissolves  the  bases  in  ether,  precipitates  with  an  ethereal 
solution  of  oxalic  acid  and  from  time  to  time  treats  a  small 
portion  of  the  solution  with  acetyl  chloride.  The  product  is 
re-crystaUized  from  hot  water  and  its  melting-point  observed. 
Since  acetparatoluide  melts  at  145°,  and  acetorthotoluide  at 
107**,  the  point  at  which  all  the  paratoluidine  is  removed  can 
readily  be  recognised.^ 

Binschedler  gives  the  following  process  for  the  treatment  of  a 
mixture  of  30  per  cent,  of  paratoluidine  and  70  per  cent,  of  ortho- 
toluidine  which  comes  into  the  market  under  the  name  of 
*' aniline  lourde  spSciak" :  10  kilos,  of  the  mixture  of  bases  are 
gradually  added  to  a  solution  of  2*5  kilos,  of  oxalic  acid  in 
25  litres  of  boiling  water  to  which  6  litres  of  hydrochloric  acid 
of  specific  gravity  115  have  been  added,  the  mixture  being 
then  heated  to  the  boiUng  point,  and  constantly  stirred  until 
it  has  cooled  down  again  to  60°.  The  crystalline  precipitate 
which  consists  of  pure  paratoluidine  oxalate,  is  rapidly  filtered 
off,  pressed,  and  washed  with  a  little  water ;  2  kilos,  of  oxalic 
acid  are  now  added  to  the  filtrate,  a  mixture  of  the  oxalates 
being  thus  precipitated.  When  oxalic  acid  produces  no  further 
precipitate  in  the  mother-liquor,  it  is  distilled  with  caustic 
soda,  orthotoluidine  being  obtained  which  contains  a  very  small 
quantity  of  paratoluidine  and  only  traces  of  aniline.^ 

Another  method  of  separation,  which  has  been  patented  by 
Leo  Levy,  depends  upon  the  behaviour  of  the  hydrochlorides  of 
the  bases  towards  sodium  phosphate.  Aniline  hydrochloride 
gives  the  following  reaction : 

Na^HPO, + 2CeH5NH3Cl  =  2NaCl + (CeH5.NH8)2HPO^. 

Paratoluidine  hydrochloride  behaves  in  a  similar  manner, 
while  the  orthotoluidine  salt  yields  80  per  cent,  of  the  free  base 
and  20  per  cent,  of  the  acid  phosphate : 

1)  C7H7.NH2HCI + Na^HPO,  =  C7H7.NH2 + NaH2P0^+ NaCL 

2)  C7H7.NH2HCI + NaHjPO,  =  (C7H7.NH3)H2PO, + NaQ. 

*  Joum,  Prakt.  Chem.  [2]  xiv.  449.        '  Ber.  DctUseh,  Chem,  Oes,  vi.  448. 
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^P  The  mixe<l  hydrochloridtss  are  therefore  treated  with  a 
Eolutioa  of  sodium  phosphate;  tho  crjBtalline  mass  which  is 
fonneii  is  then  dissolved  by  warming,  and  the  ortliotoluidine 
].  removed  from  the  surface.  Oncoohng.the  phosphates  of  aniline 
^^^and  paratoluidine  separate  out  completely,  while  tlie  phosphate  of 
^^|orthotoluidine  remains  in  solution.  The  so<liuni  phosphate  c^n 
^^rbe  recovered  after  separation  of  the  bases ;  sodium  arsenate  may 
^^  also  be  employed.^ 

Another  process  for  ttic  separation  of  orthotoluidine  from 
aniline  oil  by  means  of  the  nitrate  has  been  described  by 
L.Schad.> 

2047  Orthiitvlnidiiu,  discovered  by  Rosenstiehl.'  is  formed  by 
the  reduction  of  orthonitrotoluene  and  by  the  distilhition  of 
paramidoteluic  acid  with  lime.*  It  is  a  colourless  liquid  re- 
sembling aniline  very  closely  ;  it  soon  becomes  brown  in  the  air 
or  on  exposure  to  light,  boila  at  ISSo",  has  a  specific  gravity  of 
1003  at  aO-B'.and  does  not  solidify  at  -  20°.  A  solution  of  this 
base  in  monohydrated  sulphuric  acid  gives  a  blue  colouration  with 
a  solution  of  chromium  trioxide  in  sulphuric  acid  of  the  same 
strength ;  the  colour  changes  ta  a  stable  reddish  violet  on 
dilution.  Nitric  acid  added  to  the  sulphuric  acid  solution  gives 
an  orange  to  brown  eolouratioii,  passing  into  yellow  on  the  addi- 
tion of  water.  If  the  base  be  dissolved  in  ether  and  an  eqiial 
r  Toliune  of  water  added,  the  lower  layer  of  the  solution  gives 
ft  yellow  to  brown  colouration  with  dilute  sulphuric  acid.  If  the 
I  ethereal  layer  be  now  removed  and  shaken  with  dilute  sulphuric 
lacid,  it  becomes  coloured  a  stable  reddish  violet  (Lorenz). 

Orthotoluidine  further  differs  from  its  isomcrides  in  giving  a 

I  green  colouration  with  ferric  chloride  and  a  little  paradianiido- 

I  lienzene.     This  reaction  is  so  delicate  that  a  solution  containing 

.  1  in  10,000  gives  a  tolerably  deep  colouration,  and  a  solution  only 

e-tenth  as  strong  as  this  assumes  a  distinct  shade  of  green."    All 

gommercial  aniline  gives  this  reaction,  as  also  does  that  obtained 

y  the  distillation  of  indigo  with  caustic  potash,  which  was  con- 

f'ndered  to  be  chemically  pure  until  Rosenstiehl  proved  that  it 

contained  orthotoluidine. 

The  salts  of  orthotoluidine  have  been  investigated  by  Beilstein 
and  Kuhlberg. 

>  Ber.  DfUbrK.  OS*™.  Om,  xvi.  B80.  '  Ibid.  vi.  !3(i]. 

»  ZeUiKkr.  Chem.  [S]  iv.  557. 

'  Bel Isleia  Anil  Kuhlberg,  Ann.  Chcm.  Fhnnn.  «lvi.  7S. 
■     •  Monnet,  Rever^in  mid  Nbltiiig,  foj-,  Dtutsch.  Chcm.   (!'>.  \i.   2S78.     S«« 
LOso  RunhBrdt  uid  Stadel.  ihid.  xr.  S9. 
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OrtJwtoluidiiie  hydrochloride,  CyH^NClH+HgO,  forms  white 
crystalline  crusts,  37*4  parts  of  which  dissolve  in  100  parts  of 
water  at  15*5° ;  it  is  still  more  readily  soluble  in  alcohol. 

Orthotoluidine  hydrobromide,   CyHgN.BrH,    crystallizes   very 
easily  in  large  rhombic  prisms ;  the  hydriodide  resembles  it,  but     • 
is  partially  decomposed  by  water.^ 

Orthotoluidine  sidphate,  (C7HgN)2H2S04,  forms  small  crystals    - 
which  become  coloured  violet  to  green  in  the  air;  100  parts  of  "^ 
water  at  22''  dissolve  7*5  parts.     It  is  only  slightly  soluble  in 
alcohol 

Orthotoluidine  nitrate,  CyHgN.HNOg,  crystallizes  in  small 
plates ;  100  parts  of  water  at  192°  dissolve  1001  parts. 

Orthotoluidine  oxalate  crystallizes  in  small  colourless  plates; 
100  parts  of  water  at  21°  dissolve  2*38  parts. 

Methylorihotoluidine,  G^^(CH^'N{GIi^^y  is  formed  when 
750  grms.  of  orthotoluidine  are  heated  for  a  day  to  200**— 220° 
with  400  grms.  of  methyl  alcohol  and  700  grms.  of  hydrochloric 
acid.  The  product  is  distilled  in  steam,  and  every  100  grms.  of 
distillate  dissolved  in  120  grms.  of  hydiochloric  acid  and  300 
grms.  of  water,  the  solution  being  then  treated  with  a  con- 
centrated solution  of  40  grms.  of  sodium  nitrite,  the  mixture 
being  cooled  and  well  agitated.  The  methyhrthotolylnUros- 
amine,  0^^(GH^^((JK^^O,  formed,  which  is  very  similar  to 
methylnitroso-aniline,  is  extracted  with  ether,  reduced  with  tin 
and  hydrochloric  acid,  decomposed  with  caustic  soda,  and  distilled 
with  steam. 

Methylorthotoluidine  is  a  colourless  liquid  which  rapidly 
becomes  coloured  violet-brown  in  the  air,  and  boils  at 
20r— 208°.2 

Diviethylorthotoluidine,  GqII^{CK^1^(CH^^.  Thomsen  -  ob- 
tained this  compound  by  the  distillation  of  trimethyltolyl- 
ammonium  hydroxide ;  it  is  also  formed,  together  with  other 
products,  when  trimethylphenylararaonium  iodide  is  heated  to 
220° — 230°.'  It  can  readily  be  prepared  pure  by  heating  750 
grms.  of  orthotoluidine  for  two  days  with  670  grms.  of  methyl 
alcohol  and  700  grms.  of  hydrochloric  acid,  the  product  being 
repeatedly  rectified  (Monnet,  Reverdin  and  Nolting).  It  is  a 
colourless  liquid  which  has  a  characteristic  aromatic  odour  and 
boils  at  183°. 

^  SUylel,  Bcr.  DeiUsch.  Ch^m.  Ges.  xvi,  28. 

'  Monnet,  RovcHin  and  Nolting,  Ber,  DetUscH.  Chem.  Oes.  xi.  2278.     See  also 
Reinhanlt  and  Stiilel,  il)id.  xv.  29.  '  HofmaDn,  ibid,  3K.  1585. 


Trimcthylinihotolylainmmiuvi  iotftdi.  CoH,(CHs)N(CH^,I.  !a 
formed  by  the  coDtinued  action  of  methyl  Iodide  on  ortho- 
toluidine,'  and  crystallizes  in  large  needles  which  assume  a  faint 
purple  tint  in  the  air. 

linWiag-foaA, 
Etlijlorthotoluidine,  CjHjN^CjHJH,  liquid  213°— 214' 
Diethylorthotoluidine/  CjH„N(CjHb),  „         208°— 209°. 

Ffienylorikololylaminc,  C^^.^H(C~^),  is  formed,  together 
with  diphenylamine  and  di-orthotolylamine,  when  ortliotoluidiuo 
is  heated  with  aniline  hydrochloride  to  280".'  It  is  a  crjiitaUine 
substance  which  melts  at  41°,  boila  at  297° — 299°,  and  gives  a 
violert-blue  colouration  with  nitric  acid. 

IH-^tTthotolyUim.ine.  (C,Hi)gNH.  is  a  hquid  boiling  at  30*°— 
1 208°. 

Acetorthcloluide,  CjHj.N(CjH30)H,  forms  long  needles,  melts 
tlOr  and  boils  at  296°;  100  parts  of  water  at  19°  dissolve 
■86  ports  (Beilatein  and  Kuhlberg). 
Orthotolyl  carbamide,  (C,H;)NH.CO.NHg.  is  formed   by  the 
Faction  of  potassium  cyanate  on  ortbotoluidine  hydrochloride ;  it  is 
insoluble  in  cold  water,  moderately  soluble  in  hot  water,  and 
readily  in  alcohol,  crystallizing  in  tablets  which  melt  at  185*.* 
JH-orikotolyl  caiianiiiU,  (CjH,)jNCO.NHj,  is  formed  by  the 
LBCtioD    of  cavbonyl  chloride  on  orthotohiidine,  by  heating  the 
Dbltter  with  urea,*  or  by  heating  its  hydrochloride  with  cyanamide 
Ko  100°,'    It  is  insoluble  in  water,  but  slightly  soluble  in  alcohol, 
Ksrystallizing  in  fine  needles  which  melt  at  243°. 
■      Orthotolyl  carlamide,  or  Orthotolyl  isocyanate,  CON'.CoH,.CHy 
KWhen   ortbotoluidine   is   acted   upon   by   chlorocarbonic  ether, 
m^otolyl  nrethane,  NH(CtHt)C0.0C5Hb,  is  formed  in  crystals 
^nelting  at  46°,'  and  on  heating  with  phosphorus  pentoxide  is 
Konverted  into  the  isocyanate,  which  is  a  liquid  boiling  at  186° 
Bod  poesessing   a  penetrating  odour   (Giranl).      Water  decom- 
^BOees  it  with  fonnation  of  ditolyl  carbamide. 
W   Orthotolyl  thioearbamide,   (C;Hj)HN{CS)NHj,  is  obtAinod  by 
Httie  action  of  ammonia  on  orthotolyl  mustanl  oil ;  it  niclta  at 
^B6*  and  is  readily  soluble  in  boiling  water.^ 

^B  I  Thorosen,  Ber.  Devlaeh.  Chtm.  Q<ii.  x.  15Sa. 

^m  *  SUdel  and  SciDhnrdt,  toe.  cit.  ;  Nnrtou,  Ann.  Cham.  Jmtm.  vii  118. 

^H  ■  Qumtdanil  Willm,  Bidl.  Sue..  Ckim.  hsy,  213. 

^M  *  Conek,  Bcr.  Deuttdt.  Chcm.  Ga.  liij.  1039. 

^H  ■  Oinnl,  ibid.  ri.  AM.  •  RerKer,  ihid.  xii.  ISSJi. 

^H  '  Ucbnuuin.  ibid.  xii.  \M9;  Neiill"nnJ  Wiother,  ibid.  lii.  i%2i. 

^M  *  Staat*.  Md.  xiii.   135.  J 
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IH-orikololylthuxarh^mid^.  C-BLNHj-CS,  is  obtained  by  the 
action  of  carbon  disulphide  on  an  akobolic  solution  of  orthotolu- 
idine.*  It  crystallizes  firom  hot  alcohol  in  needles  melting  at  158'. 

Orthotoiyl  ihvxarhamiiJU,  or  OHhrAol}fl  mtutard  oil,  CSN.C^H^. 
CH^  is  formed  when  the  componnd  jnst  described  is  boiled 
with  fuming  hydrochloric  acid.  It  is  a  strongly  refiractive  liquid, 
boiling  at  239'  and  possessing  a  pungent  odour  (Girard). 

It  combines  with  aniline  ioummg  fhenylorllictolyl  thiocarbamide, 
(CeH5:.NH;CS;NH;C:H:),  which  has  also  been  prepared  from 
orthotoluidine  and  phenyl  mustard  oil  (Staats) ;  it  forms  long 
needles  melting  at  139**,  and  is  decomposed  by  hydrochloric 
acHd  into  aniline  and  tolvl  mustard  oil. 

2048  Mftatoiuidine  was  obtained  by  Beilstein  and  Kuhlberg 
by  the  reduction  of  metanitrotoluene,*  which  is  best  eflFected  by 
means  of  stannous  chloride  and  hydrochloric  acid  (Cosack), 
According  to  Widmann,  it  is  also  formed  when  metanitrobenzyl- 
ene  chloride,  CgH^rNO^^CHCU,  obtained  by  the  action  of  phos- 
phorus chloride  on  metanitrobenzaldehyde,  is  reduced  with  zinc 
dust  and  hydrochloric  acid.' 

It  is  a  colourless  oily  liquid  which  has  a  specific  gravity  of  0*998 
at  25^  and  becomes  converted  into  a  brown  resinous  mass  when 
exposed  to  the  air  (Lorenz)  ;  itboUs  at  197°  and  does  not  solidify 
even  at  — 13^  If  it  be  dissolved  in  monohydrated  sulphuric 
acid  and  treated  with  a  sulphuric  acid  solution  of  chromium 
trioxide,  a  yellowish  brown  liquid  is  obtained  which  becomes 
brown  on  gentle  heating,  and  is  coloured  greenish  yellow  by  the 
addition  of  a  little  water,  a  larger  quantity  rendering  it  colour- 
less. Nitric  acid  added  to  the  original  solution  produces  a 
HMldish  colouration  which  rapidly  becomes  a  deep  blood-red,  and 
then  a  dark  dirty-red,  and  is  converted  into  orange  by  the 
addition  of  water.  When  a  solution  of  the  base  in  equal 
volurrHJS  of  ether  and  water  is  treated  with  bleaching  powder 
W)hition,  the  aqueous  layer  is  coloured  brownish  yellow  and 
lMiCoin(is  turbid,  while  the  ether  exhibits  a  reddish  fluorescence ; 
if  tlie  cjth(jr  be  po^^recl  off  and  shaken  up  with  water  and  a 
drop  of  dihite  sulphuric  acid,  the  water  becomes  coloured  a 
faint  violet. 

Tlie  salts  of  mcitatoluidine  have  been  investigated  by  Lorenz.* 

'  Oirard,  Her.  DeiUseh.  Chein.  Ocs.  iv.  985  ;  Berger,  ibid.  xii.  1854. 
'  Ann.  Chem.  Pharm.  clvi.  83. 

•  Jier.  Drutsch.  Chem.  Oes.  xiii.  676  ;  xiv.  2583.     See  also  ibid.  xiv.  1403. 

*  Ann.  Chem,  Phann.  clxxii.  177. 
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I  Mrta/^iiuiMiu:  AytlrotiUondt,  C,H,N.C1H,  oTstnUuea  from  « 
err  cnDoentr&ted  aqueoos  solution    in   thin  Uiblets,  and  &om 

lol  in  thin,  pedc  red  crusts. 
MetaUiuid\%e   suXphaU,    {C^H^jSO^H,.  m-stjdlties  in    long, 
rent,  light  red,  raJiiiting  neetUea,  wliicli  am  insoluble  in 
slightly  soluble  in  alcohol,  wnl  more  readily  in  water,  100 
K|nrts  of  which  at  14°  dissolve  6'2o  parta. 

MitatoluidxKc  nitraie,  CjH,N.NOjH,  crystallizes  in  Urjji\  pale 
1, rbomlMc  pistes,  1642  parts  of  wluch  dissoh-e  in  100  partiS  of 
r  at   15'5°;  it   is  still  more   soluble   in   alcohol,  but  only 
ightly  soluble  in  etber. 

Acid  mctaloluidiite  caalate,  CjHgN.C,0,H,.  forms  warty  mas3<.<« 
Efioneasting  of  fine  silky  needles,  which  are  only  slightly  soluble 
"i  ether,  alcohol  and  wat*r;  100  pirls  of  the  latt*r  at  13° 
dissolve  265  parts.  When  its  solution  is  wamiii)  with  mota- 
toluidine,  the  salt,  (C,HbN),(CjO,Hj)j,  sepiirates  out  in  a  maas 
^  of  rhombic  plates  which  are  still  loss  soliiblu  than  the  mono- 
«dd  salt  If  an  excess  of  metatoluidine  bo  added  in  warm 
Alcoholic  solution  tji  oxalic  acid,  small  rhombic  plates  separate 
out  on  cooling  in  such  quantity  that  the  lii]uid  solidiBcs  trt  a 
jelly.  TbesG  crystals  appear  to  be  tlie  hydmted  iionnal  salt; 
after  washing  with  alcohol  and  drying,  they  po3so.ss  the  appear* 
ttace  of  cholesterin;  they  are  scarcely  wetted  by  water  and 
irfaen  heated  with  it  for  a  long  time  decompose  into  the  acid 
■alt  and  the  free  base. 

Mcihylmelaioluidine.  C'aH/CH3)N(CHg)H.  is  formed,  together 
^*irith  diraethylmetatoluidine,  by  the  action  of  methyl  iodide  on 
Ihe  primary  btvso.  The  product  is  extracted  with  ether  and 
1  from  unattacked  metatoluidine  by  the  addition  of  aiilphurio 
id,  an  alkali  is  then  added,  the  ether  distilled  off  and  the  residual 
xnl  dried  and  heated  with  acetic  anhydride.  On  distillation, 
■cetic  acid  and  acetic  anhydride  first  come  over,  followed  by 
dimetbyltoluidine  and  finally  by  methylacetoluide,  boiling  above 
£50°.  This  is  purified  by  repeatetl  distillation  aud  deci>mjK)Sud 
liy  heating  with  dilute  sulphuric  acid,  pure  inetliylroetutoluidinB 
being  thus  obtained ;  it  is  a  colourless  liquid  which  boils  at 
S06° — 207°,  and  poasesses  a  characteristic  aromatic  odour. 

Ditnclhylmdatolu^iyie,  C,H,(CH^N(GH,)j,  hods  at  215° 
(Wurster  and  Riedel),  and  has  a  characteristic  odour  differing 
from  that  of  its  isomerides,  but  resembling  that  of  dimethyl- 
uiline.* 

'  Nolliug,  Ber.  DeuUch.  Chfiii.  Oa>.  xi.  22; 
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NifrosfMhmethyhufatoluidine,  CoH3NO(CH3)N(CH5)2,  is  formed 
oil  tho  mldition  of  siHliuin  nitrite  to  a  cooled  solution  of  di- 
motliylnu^tntoluidino  in  hydrochloric  acid.  The  hydrochloride 
thus  piviK'vrod  crystallizes  from  a  hot,  acidified  solution  in  light 
yi»llow  to  greenish  yellow  needles  wliich  are  only  slightly  soluble 
in  cold  wat^T.  Sodium  carlx^iate  liberates  the  free  base,  which 
cryst^Ulizt's  from  ether  in  sniiill,  green  plates  or  long  needles, 
nu»lt.in^  at.  D^".  It  is  precipitated  by  petroleum  ether  from  a 
Holution  in  (*hloroform  in  moss-green  needles,  and  separates  from 
bonzem*  in  lar^i\  dark  green  crystals  containing  benzene  of 
crystjillization.  whioli  they  lose  in  the  air  together  with  their 
colour  and  lustre.  All  its  solutions  are  coloured  deep  green.  It 
cTystnllizes  from  water  in  small,  lustrous  green  plates. 

liikt^  nitroscHJimethylaniline,  it  forms  deep  steel-blue  coloured 
compounds  with  aniline,  orthotoluidine,  &c.,  and  does  not  give 
liit^lxM'nuunrs  riv'irtion  in  the  cold.  Boiling  dilute  caustic  soda 
ronvt'rt^  it  int.o  nit  rosoi»resol ;  }K)t^issium  permanganate  oxidizes 
it.  t.o  tii(nnfiinti/ii/imtia((thti(fifu\  0^,H3N02(CH3)N(CH3)2,  which 
rryst^illizeH  in  loii;^'  yellow  neetlles,  melting  at  84°.  It  is  re- 
{\\\cvi\  l>v    tin  luul  livdnu'ldoric  twid   to  duiicthyldiamidotoluene 

i\,n,.((;i'i,XNii,)N/Mi.,v 

Sine<»  tho  two  istnneritles  of  dimethyltoluidine  give  no 
nit roso  compounds,  tin*  presence  t>f  metatoluidine  can  readily 
lui  dotcetod  in  orthotoluidine,  and  its  amount  approximately 
ilot^'rminod  ;  to  rtVeet  this  the  hydrochlorides  are  prepared,  the 
^n*oiitt»r  part  of  the  orthotoluidine  salt  removed  by  crystallization, 
th<»  nu>ther-liipior  i»vn|M)rated  to  ilryness,  and  the  residue  heated 
with  methyl  alcohol ;  the  almost  insoluble  nitrosodimethylmeta- 
toluidine  is  tlu'U  j^reiKired  directly  from  the  mixture  of  dimethyl- 
t.oluidinrs  thus  obtained.  The  two  bases  can  also  be  separated 
by  fnu'tional  distillation,  since  the  ortho-conn)ound  boils  at  183° 
and  tlm  mi*ta-com pound  at  ^loV 

Mvttulituhilaminr,  {V'^^\^,VW^,^\i,  is  formed  when  meta- 
toluidine is  heated  with  its  hydnx'hloride.  It  is  a  thick,  oily, 
lit^ht  yrllow  li(piid  which  becomes  coloured  brown  in  the  air  and 
boils  at  310°— 320°.'^ 

Ai'HmcU(tohuh\  CQn^{C\V^)^{G^^fi)\\,  cryst^dlizcs  on  the 
gnulual  evaporation  of  its  acjueous  soluticm  in  limg  needles 
united  to  form  bushy  aggregates ;  it  melts  at  63*5°,  and  boils  at 


*  Wurstcr  and  Hifdel,  Ikr.  Dcutsch.  Chan,  Gcs,  xii.  1796. 
3  Cosack,  ibid.  xiii.  1088. 


30r.  100  parte  of  water  at  13°  dissolve  044  porta  (Beibtcin 
and  Kublberg). 

MettUolyl  carhamMi-.,  (CeH,.CIl,)HN.CO.Nn,.  has  Ix^en  pre- 
pfired  from  metatoliiidine  auiJ  pota^um  cy»n&te  ;  it  cryiitallizcs 
from  water  in  small  plates,  and  from  alcohol  in  tablets  at 
needles,  melting  at  142°. 

DiTtielaiolyl  carbamide,  CO(NH,C,Hj),  When  metatoiiudiae 
is  acted  upon  by  chlorocarbonic  ether,  mel<Uolyl  ■arUhane, 
CCtH,)HN.CO,0C^s,  ia  formed;  this  is  a  liquid  which  on 
distillation  in  the  moist  state  yields  alcohol,  carbon  dioxiile,  and 
dimetatolyl  carbamide.  The  latter  crystallizes  from  hot  alcuhol 
in  long  needles  melting  at  217°  (Cosack).* 

Melaiolyl  thiocarhamide,  (CjHijHN.CS.NHj,  is  obtained  by 
the  action  of  ammonia  on  mctatolyl  thiocarbimide.  It  is  readily 
soluble  in  alcohol,  slightly  in  cold,  and  more  freely  in  hot  water, 
and  crystallizes  in  prisms  which  form  star-shaped  aggregates, 
and  melt  at  103°.- 

I>Lmetatoii/l  thioearbamuk,  CS(NH.C7Hj)j,  is  formed  when  an 
alcoholic  solution  of  metatoluidine  is  heated  for  a  long  time  with 
(Carbon  disulphide.  It  crystallizes  in  concentrically  arranged 
les,  melting  at  122°,  which  are  scarcely  soluble  in  boiling 

iter  but  dissolve  readily  in  alcohol 

Meiatoiyllhiocarl^midefiTMetalolylmwanrd'M.CSy(C^U,.CU,), 
is  formed  when  the  compound  just  described  is  heated  with 
concentrated  hydrochloric  acid.  It  is  a  colourless  liquid  which 
ImiIs  at  244°  and  possesses  the  characteristic  smell  of  the  mustard 
in  the  highest  degree  (Weith  and  Landolt^) 

ao49  PtiTOtoluidint,  is  formed  by  the  reduction  of  parauitro- 

ilneoe  and  by  heating  methylaniline  hydrochloride  for  a  day  to 
350°;  methylaniline  hydriodide,  on  the  other  band,  gives  a  liquid 
toluidtne,^  which  is  probably  the  orthct-compound.  It  may  also 
be  obtuned  by  heating  paracresol  with  the  compound  of  zinc 

loride  and  ammonia    to   300°.*      It   is    slightly   soluble   in 

,ter,  readily  in   alcohol    and    ether,  and    crystallizes    from 

it,  dilute  alcohol  in  large,  colourless  plates  which  melt 
•t  45°  and  have  a  peculiar  aromatic  odour  resembUng  that  of 
aniline.  According  to  Hofmann  and  Muspratt  it  boils  at 
108*,  while  Stadeler  found  iU  boiling-point  to  be  204°— 206°.' 
iVben  it  is  dissolved  in  nionohydrat«d  sulphuric  acid  and  treated 

'  Brr,  DeiUtch.  Ckem.  Gt».  ;  nee  aim  lii.  1160. 

'  WdtJi  and  Undolt,  Oiiii.  viii.  71S.  '  Hofmann,  ihid.  v.  720. 

*  Booli,  aid.  liT.  2345 ;  ivii.  2837.  '  Ja^trabcr.  1885,  lOD. 
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with  i\  solution  of  ohromium  trioxide  in  acid  of  the  same  strength, 
it  is  only  i^>lonnHl  yollow.  A  drop  of  nitric  acid  added  to  the 
original  solution  pixMluivs  a  bhie  colouration,  wliich  soon  passes 
thixni^h  vioU't  and  nxl  to  brown  (Lorenz) ;  in  presence  of  aniline 
or  orthotohiidino  iu>  bluo  ct>louration  is  produced,  but  the  liquid 
iHH^nuos  oolointnl  bUxxl-riHl.  Bleaching  powder  solution  gives 
no  ooloiunuion  with  siUutions  of  pure  paratoluidine ;  in  order 
thon^foix^  to  dotivt  tho  pn^st^nco  of  aniline  in  paratoluidine,  the 
iuixt\iiv  is  dissolviHt  in  other,  and  shaken  up  with  an  equal 
vohuut^  of  wator,  a  sohition  of  bleaching  powder  then  being  added 
dn>p  bv  dix^p.  If  aniline  Ih^  pr^^sent,  the  ether  assumes  a  blue 
iH»lo\u'  when  the  solution  is  agitateil  (Rosenstichl). 

*rhe  sjdts  of  {litnitoluidine  have  been  investigated  by  Hofinann 
and  M\ispnUt  and  bv  IVilstein  and  Kuhlberg.^ 

/*ini/.»/i/jWiMf-  hyiinnhli  ruh\  O.H^N,HCl,  crystallizes  in  white 
enists.  »lueli  Ihh'oiuo  eoUniriHl  in  the  air.  100  parts  of  water  at 
I  V  dissolve  2-0  |>;irts.  while  100  jvarts  of  89  per  cent,  alcohol 
dissolve  2^  |vn'ts  at  17"*. 

l\imtt>luiJiih'  hi/tfnifmwnifi\  C.H^N,  HBr,  crystallizes  in  white 
plates;  the  hyilriinlide  is  very  similar  (Roinhardt  and  Stiidel). 

I\triifiihihiin('  .'H*//»//<r/t\  (^('•H^,N'>oHo»^0^,  forms  lustrous,  scaly 
erystals,  TiOU  jmrts  of  whieh  dissi>lve  in  100  parts  of  water  at 
-i!' ;  they  an*  still  less  soluble  in  aleohol. 

l\imfotnhiint-  nifra(t\  (\H^N,  HNC^j.erystallizes,  when  its  solu- 
tit>n  is  rapidly  eoohnl,  in  large  rhombie  tablets;  when  allowed  to 
de|H>sit  mow  gradually,  it  forms  long,  transparent  needles. 
100  (Muts  of  water  at  :i:V;V\Ussolve  17*7  jxirts;  it  is  still  more 
nnidily  sohibK«  in  alei^hol. 

^'IcU  paratoiuitiiHt'  avalatt\  O.H^,N.  CoO^Ho.  crystallizes  in 
rhombie.  needles  or  i>risms,  0*87  |K\rt^  of  which  dissolve  in  100 
part^  of  waUT  at  14"* ;  aleohol  tivkes  up  even  less. 

ramtoluidine  2)]unati\  O.H^N.  O^H^jO.  crystallizes  from  petro- 
leum other  in  long  neiHlles  melting  at  *^Wr 

Mithifl^HxratoluUiine,  0«H,(CH3)N(C^H3)H,  is  obtained  by 
pissing  methyl  ehloride  into  heatetl  paratoluidine.  The  pro- 
duct is  extraetetl  with  other,  tho  paratoluidine  hydrochloride 
formed  Innng  left  untlissolved.  Any  unaltored  paratoluidine  is 
precipitated  by  dilute  sulphuric  acid,  and  tho  other  evaporated, 
a  mixture  of  methyltoluidine  and  dimethyltoluidine  being  thus 
obtained.      The   former  is  converted  by  the   action   of  acetic 

*  Ann.  Clicm.  Phann.  clvi.  73. 

-  G.  Dyson,  Jottm.  Clum.  Soc.  1S83,  i.  468. 
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anhydride  into  acetmethylparatoluide,  Cf^li/CH^)S((y.^lLJ)j(yH^, 
which  crystallizes  from  a  mixture  of  ether  and  alwiJiol  in  lar^e 
plates  melting  at  83*.  Pure  methylparatoluidine  is  then  ol>- 
tained  by  boiling  this  compound  with  hydrochloric  jicid  and 
decomposing  the  hydrochloride  with  caustic  8<xla.*  It  can  \h: 
even  more  simply  separated  by  means  of  its  nitrr^samine,  in  the 
same  way  as  its  isomeride  in  the  ortho-series.  (Monnet,  Kcvenlin 
and  Nolting.)  It  is  a  liquid  which  boils  at  208*^  and  iKfHntiHiv:H 
an  aromatic  odour. 

Niirosomethylparatoluidine,  C0H^(CH3)X(CH;,;NO,  crystallize* 
from  a  mixture  of  ether  and  alcohol  in  large,  well-fonned  itnuuin, 
melting  at  54^ 

Dimethylparaioluidine,  CgH^(CH3)N(CH3)2.  By  the  m:tion  of 
methyl  iodide  on  paratoluidine,  Thomsen  obtained!  iriy/idhyl- 
paratolylammonium  iodide,  C^^'^{OYi^)^,  which  fonns  whiU; 
crystals,  and  converted  it  by  means  of  moist  silver  oxide  int^i  the 
hydroxide,  which  yielded  the  base  on  distillation  ;  ^  it  is  a  liquid, 
which  has  a  characteristic  aromatic  odour  and  Ix^ils  at  208^ 

Boiliri;('IKiiijt. 

Ethylparatoluidine,       CVH^NrO^H^H,      liquirl         217' 
Di-ethylparatoluidine,s  CyH^NrOgH^jg  „  220" 

PhenylparatoluidiiUj  or  Phcnylparatolylammr ,  C^H-N^^  ><jHryH, 
was  obtained  by  Hofmann  by  the  dry  distillation  of  toluidino- 
blue  or  tritolyhosaniline,*  while  de  Laire,  Girard,  and  ChuiKjtoau 
prepared  it  by  heating  aniline  with  toluidine  hydnx;hloride  or 
toluidine  with  aniline  hydrochloride.  In  both  casr;s  the  pnxluct 
is  a  mixture  of  diphenylamine,  phenyltoluidine,anddit4^jlyluniine, 
which  cannot  be  readily  separaterl  by  fractional  distillation.* 

It  is  also  formed  when  equal  molecules  of  jjhenol  and  jiJira- 
toluidine,  or  paracresol  and  aniUne,  are  heated  with  an  exc^-jw  (if 
zinc  chloride  for  twenty  hours  to  260** — 300".*  Phenylparatolui- 
dine  crystallizes  readily  from  alcohol  in  long,  silky  ne(idh;s,  wuAtA 
at  ST  and  boils  at  334'5^  Its  salts,  like  those  of  diphenyl- 
amine, are  decomposed  by  water,  and  it  gives  a  fine  blue  colour- 
ation with  concentrated  nitric  acid.  When  fused  with  mercuric 
chloride  or  hexchloretbane,  a  splendid  violet  colouring  matter 
is  formed. 

'  Thomsen,  Ber,  Deutseh.  CJiem.  Gcs.  x.  1582. 

*  Sec  also  Hiibner,  ToUe  and  Athenstiidt,  Ann.  Chcm.  Phann.  ccxxiv.  336. 
»  Morlfty  and  Abel.  ibid.  93,  313.  <  Ibid,  cxxxii.  291. 

*  Bor-h,  Bcr.  iMAdjfch.  Cheni.  ^/Vj».  xvii.  2634. 

*  Morleyaud  Abel,  Ann.  Cfu/n.  Phann.  cxL  347. 
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Piparntofpiamine,  (C^H^.CH3)2NH,  is  obtained  by  heating 
ptratohiiilino  with  its  hydrochloride  to  210'' — 240^  It  foruis 
lon^  noiHlloa  molting  at  79V  boils  at  Soo** — 360^  and  is  coloured 
yollow  by  nitric  acid.     Its  salts  are  decomposed  by  water. 

Ih'lHtrafoIi/hiitnwimine,  (0^11^,011^)^(^0),  is  deposited  from 
jK^tnili'iun-othor  in  golden-yellow,  hollow,  rhombic  crystals, 
nu^ltin*^  at  100" — lOr.  When  it  is  gradually  added  to 
woU-cooKhI  fuming  nitric  acid,  hcxnitrodiparatolylamine, 
(C-^U(N(>J/^H3)oNlI.  is  formetl;  this  crystaUizes  in  small 
yollow  ]\vnvmiils  which  molt  at  258^  and  are  slightly  soluble 
in  tho  usiial  solvent*.^ 

Airtihimtoluuie,  0^114(0113) N(02H30)H,  was  first  observed 
by  Kicho  ami  Ronvnl  in  the  projmration  of  aniline  oil  by  means 
of  iron  and  acetic  acid,  and  then  prepared  by  repeated 
distillation  i>f  [>jvnitoluidino  with  acetic  acid.'  Amdt  and 
Stiidolor  t>bt4uniHl  it  in  the  same  way  from  crude  aniline,  and 
Ho|Nvnvt,iHl  it.  from  tho  acotanilidc  formed  by  dissolving  the 
mixture  in  acetic  acid  and  precipitating  the  less  soluble  acet- 
toluidc  with  wjitor."* 

Acctparatohiido  is  dimorphoiis ;  on  the  gradual  evaporation  of 
it^  alcoholic  sohition  it  8oi>j\nitos  in  monoclinic  crystals;  when  a 
hotsohition  is  allowctl  to  cool,  however,  it  crystallizes  in  rhombic 
ncotlK^s.'^  It  mclt.s  at  147'' *\  and  boils  at  3077  1,000  parts  of 
water  ilissolve  OoO  i>{irt.s  at  (),V,  and  0886  parts  at  22^ 

l\tntto/f/l  nn'liitmi<it\  (C\1I.)N1I.C0.NH2.  Sell  prepared  this 
(M)ni|H>\iiHl  by  the  action  of  potassium  cyanate  on  toluidine 
Hul|»hat<\"  and  Steinor  obtained  it,  together  with  ditolylguanidine, 
l)y  treating  fulminate  of  mercury  with  paratoluidine.®  It  is 
rca<lily  soluble  in  hot  water,  and  crysUillizes  in  thick  needles 
melting  at,  17'^.'^ 

Diparatohil  ('arh(tmith\  ((^.Il7NH)/-0,  is  formed  on  the 
distillation  of  tlu>  compound  just  described  (Sell),  or  when  it  is 
lu'atcd  to  150"--  170"*  with  paratoluidine.^^  It  is  also  obtained 
when  <"arlH)nyl  chloritle  is  j>jiss(m1  into  a  solution  of  })aratoluidine 
in  chloroform.*-     It  is  insohible  in  water,  and  crystallizes  from 

^   Ikr.  Ih'uf.^i'h.  rh-m.  OfA.  vi.  446. 
-  (Nmok,  ihid,  xiii.  1092  ;  I^-hnu,  ibid.  xiii.  1544. 
=*  Ann.  Chrin.  I'/ntrm.  cxxix.  77. 

*  Vhcm.  Ccntralbl.  1864,  707.  »  ranehianco,  JaJircshcr.  1878,  678. 

«  Hiibncr,  and  Wallach,  Ann.  Cliem.  Pharm.  cliv.  802. 
'  B«ilstoin  and  Kuhlberg,  ihid,  clvi.  74. 
"  Ikilstcin  and  Kuhlberg,  ibid,  cxxvi.  157. 

»*  Ber,  DcuLsch.  Chem.  Ocs.  viii.  619.  '<>  Coaark,  ihid.  xii.  H.'JO. 

»  Weith,  ihid.  ix.  821.  "  Michlcr,  ibid.  ix.  710 
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hot  alcohol  in  flat  needles,  which  resemble  those  of  benzoic  add 
and  melt  at  256."^ 

Paratolyl  urethane,  or  Ethyltdyl  earbamaU,  ''C-H-^XH^CO; 
(OCjHJ,  is  obtained  by  the  action  of  chlorocarU/fjic  eth€?r  on 
paratoluidine  in  ethereal  solution.  It  is  insoluble  in  water 
and  crystallizes  from  alcohol  in  long  prisms,  melting  at  hi\ 

Faraiolyl  carbimide,  CO.N.C-H-,  is  obtainerl  by  the  dii}tillati/»i 
of  the  carbamic  ether  with  phosphorus  pentoxide,  as  a  str^>ngly 
refractive  liquid  boiling  at  ISo";  its  vapour  poflsess^;s  a  pr^ietrating 
odour  and  causes  a  flow  of  tears.' 

Faraiolyl  thiocarhamide,  (CyHyjNH^CSyNH,  is  forme^l  wh^^ 
paratoluidine  hydrochloride  is  heated  with  amm^>nium  thio- 
cyanate,*  and  by  the  combination  of  paratolyl  mrjstard  oil  with 
ammonia.^  It  is  slightly  soluble  in  coM  water  an/1  crystallizes 
from  hot  alcohol  in  small  tablets  or  thick  w^ctUfm  melting 
at  182^ 

Liparaiolyl  thiocarhamidc,  (C7H7.NH;/^*S,  crystallines  from  h*A 
water  in  large,  pointed  prisms,  meltiog  at  IT^r/ 

Paratolyl  thiocarbimide,  or  Paratolyl  rnvMard  ml,  CS^N.C^If^. 
Hofinann  obtained  this  compound  by  heating  the  substarirx- just 
described  with  phosphorus  pentoxide,*  In  order  Uf  \fTf:\ps%i('.  it, 
paratolyl  thiocarbamide  is  heated  to  100''  with  30  \p(:f  ccxiU 
sulphuric  acid.*  It  crystallizes  from  ether  in  long,  whiUe  xif'jAh:^, 
melts  at  26**,  and  boils  at  237^.  While  both  its  immarifhm 
possess  the  characteristic  pungent  orlour  of  the  mustard  oiLs,  the 
smell  of  paratolyl  thiocarbimide  resembles  tliat  of  oil  of  huinf-j^]. 

Like  other  thiocarbimides  it  combines  v#ith  ammonia,  the 
amines,  and  the  aromatic  amido-liasc-s  to  form  c^^mp^unrl 
thio- ureas. 


HALOGEN  SUBSTITUnON    PRODUCTS 
OF  THE   TOLUIDINES. 

2050  A  very  large  number  of  these  has  been  preparcil,  but 
only  the  mono-substitution  products  will  be  here  describcl. 

'  HofmanD,  Ber,  DeuUeh.  Chrm.  Get.  iiL  656. 

»  Clermont  and  Wehrlin,  Bull,  Sac.  Chim.  xxvi.  126. 

*  Staats,  Bcr.  Veuttch.  Chem.  Ges.  xiiL  136. 

♦  Sell,  loc.  eU.  ;  Maly,  Jahrcsher,  1869,  637. 

•  Ber.  DcuUeh.  Chan.  Gts.  \.  173. 

•  Liebennann  and  Natanson,  LUbi^s  Ann.  ccviL  160. 
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Chlorotoluidines,  CeH3Cl(CH3)NH2. 

^lelting-  Boiling- 

CH,  :  NH,  :  CI                                                             point  point 

12      4  smaU  plates  ^ 29-5"  241'* 

1       3      4  thin  plates  ^ 30**  230^ 

1        4      3  liquid^ —  222** 

1       4      2  crystals* 26'  23r— 238-5* 


Bromotoluidines,  CgH3Br(CH3)NH2. 

CHj  :  NHa  :  Br 

2  3  li(iuid  5 — 

2  4  plates® 32 

2  5  rhombohedra  ^ 

3  4  prisms » 32 

3  5 

3  0..        1^ 


4      2       „         11 
4      3..        12 


32° 

253°— 25r 

58° 

240° 

32° 

36° 

255°— 260° 

78-5° 

240° 

26° 

8° 

240° 

Neville  and  Winther  have  also  prepared  dibromotoluidines 
together  with  higher  substitution-products,  by  methods  which 
give  a  knowledge  of  their  constitutions.^^ 


lODOTOLUIDINES,  C6H3l(CH3)NH2. 

CH,  :  NHa  :  I 

12      4  needles!* 49' 

1       3      4  small  plates  IS 189' 


kO 


*  Bcilstein  and  Kuhlberg,  Jnn.  Chcm.  Pharm.  clvi.  81 ;  clviii.  337. 
'-*  Gattermann  and  Kaiser,  Ber.  DetUsch.  Chem.  Oes.  xviii.  2599. 

'  Wroblevsky,  Ann,  Chcin.  Pharm.  clxviii.  153  ;  Bcr.  DetUseh,  Chein.  Ocs,  vii. 
1062. 

*  lit'llinann,  ihid.  xvii.  634. 

»  Neville  and  Winther,  ibid.  xiii.  1946. 

«  Kornor,  Zeitschr.  Chem.  1869,  636  ;  Hiibner  and  W^allach,  Ann.  Chem.  Pharm, 
cliv.  298  ;  Heynemann,  i^id.  clviii.  340  ;  Hiibnor  and  Roos,  Ber.  Djutaeh.  Chem. 
Qcs.  vi.  799. 

7  Wroblevsky ;  Crete,  Ann.  Chem.  Pharm.  clxxvii.  249. 

8  Neville  and  Winther,  Ber.  DeiUsch.  Chem.  Gm.  xiii.  972. 

»  Wroblevsky,  Ann.  Chcm.  Pharm.  cxcii.  192,  203  :  Neville  and  Winther. 

'«  Wroblevsky  ;  Neville  and  Winther. 

'*  Neville  and  Winther,  Ber.  DetUsch.  Chem.  Qes.  xiv.  418. 

"  Wroblevsky,  Ann.  Chem.  Pharm.  clxviiL  153. 

'*  Ber.  DetUseh.  Chem.  Ges.  xiv.  419.  ^*  Hcynemann,  loe.  eit. 

19  Glassner,  ihid.  viii.  661. 


HirsoTOiiinBrais. 
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NITROTOLUIDINES,  C(^,(CH0NHj(NOs). 

2051  Tlie  numbers  subjoined  refer  to  the  positions  of  the 
side-chains  in  the  order  ^ven  in  tlie  formula. 

a-Orlhimifro-ortkotoluulhie  (1:2:6)  is  formed  by  the  partial 
reduction  of  the  orthodinitrotoluene  melting  at  60°  — 61°.  It  is 
slightly  soluble  in  water,  more  readily  in  alcohol,  and  crystallizes 
in  long,  light  yellow  needles  melting  at  90°— 91';  it  rany 
be  couverted  into  orthonitrotoluene  by  the  elimination  of  tlio 
amido-group.' 

^-OrlkotiUm-orlhotoluiditw.  (1:2:3)  is  obtained  as  a  by- 
product in  the  preparation  of  the  compound  next  described,  and 
crystallizes  from  dilute  alcohol  in  orange-yellow  prisms,  united 
in  bushy  abrogates,  which  molt  at  97°.  It  is  converted  into 
metaoitrotolnene  when  heated  with  a  solution  of  nitrogen 
trioxide.' 

Metanitro-ortkotoluidine  (1 ;  2 :  5)  is  obtained  by  the  nitration 
of  acetorthotoluide  and  decomposition  of  the  products  with  the 
calculated  quantity  of  alcoholic  potash.  It  is  readily  soluble  in 
alcohol,  but  only  very  slightly  in  boiling  water,  from  which  it 
crystallizes  in  small,  citron-yellow  needles,  melting  at  127°— 128°. 
On  heating  with  an  alcoholic  solution  of  nitrogen  trioside, 
metanitrotoluene  is  obtained,  while  when  the  amido-group  is 
replaced  by  bromine,  orthobromometanitrotobiene  is  formed, 
and  can  be  converted  into  orthobroraotoluene  by  means  of  the 
diazo-reaction. 

Paraaitro-ortJi-otoluidine  (1:2;  4).  When  the  phthalyl- 
;?(oluide  obtained  by  heating  orthotoluidine  with  phthalic 
uihydride  is  nitrated,  two  mononitro-com pounds  are  formed, 
■.■tme  of  which  occurs  only  in  small  quantities  and  on  decomposi- 
tion with  ammonia  yields  the  orthonitro-orthotoluidine  just 
described,  while  the  other  gives  paranitro-orthotoluidine,  which 
melts  at  109°,  and  may  be  converted  into  pirani trot olu one  by 
means  of  the  diazo-reaction  (Stiidel).  It  is  also  formed  when 
foTthotoluidine  is  dissolved  in  10  parts  of  sulphuric  iwid  and  the 
Trell-cooled  solution  treated  with  the  calculated  quantity  of 
nitric  acid,  mixed  with  twice  its  weight  of  sulphuric  acid.     The 


WO-. 


Cnnerth,  Ana.  ClieTn.  Fliarm.  olnii.  233  ;  BrniUiHPU,  Eer.  Deaturh.   I 
XT.  8016  ;  Btadv],  Ann.  Chem.  Pharm.  ocxiv.  38*. 
LollmBnii  anil  Wiirthner,  U'id.  ri^xxviii.  339. 
It<njit«in  niid  Knlilbrrg,  ibid.  clvitL  34S. 
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corresponding  nitracet-toluide  is  obtained  in  a  similar  manner 
by  dissolving  acetorthotoluide  in  20  parts  of  sulphuric  acid ;  if, 
however,  only  4  parts  be  taken,  the  acetyl-compoimd  of  meta- 
nitro-orthotoluidine  is  also  formed.^ 

a-Orthonitromctatoluidine  (1:3:  2)  is  prepared  by  the  nitra- 
tion of  acetmetatoluide  and  decomposition  of  the  product  with 
alcoholic  potash.  It  crystallizes  in  fine,  saffron-yellow  needles 
melting  at  132°— 134?^  On  heating  with  an  alcoholic  solution 
of  nitrogen  trioxide,  it  is  converted  into  orthonitrotoluene 
(Bcilstoin  and  Kuhlberg). 

/3-Ortho7iitroinetatolui(line  (1:5:2)  was  obtained  by  Limpricht 
from  the  corresponding  dinitrotoluene  (p.  71).  It  is  slightly, 
soluble  in  cold,  more  readily  in  hot  water,  and  readily  in  alcohol; 
crystallizes  in  reddish  yellow  needles,  and  may  be  converted  into 
orthonitrotoluene  by  means  of  the  diazo-reaction.^ 

Orthoiiitriyparatoluidine  (1:4:2)  was  obtained  by  the  partial 
reduction  of  ordinary  dinitrotoluene.^  This  compound  alone  is 
formed  when  the  reduction  is  effected  with  ammonium  sulphide 
in  the  cold;  if,  however,  the  mixture  be  warmed,  paranitro- 
orthotoluidinc  is  also  formed.*  Orthonitroparatoluidine  is  best 
prepared  by  dissolving  100  grams,  of  paratoluidine  in  2,000 
grams,  of  concentrated  sulphuric  acid,  and  gradually  adding  a 
mixture  of  75  grams,  of  concentrated  nitric  acid  with  300  grams, 
of  sulphuric  acid  to  the  solution  cooled  below  0^  After  standing 
for  some  time,  the  liquid  is  poured  into  ice-water.^  It  crystal- 
lizes from  hot  water  in  broad,  yellow,  monoclinic  needles 
(Pancbianco),  melting  at  77*5°,  and  may  be  converted  into 
orthonitrotoluene  by  means  of  the  diazo-reaction. 

Mctanitroparatoluidinc  (1:4:3)  was  obtained  by  Beilstein 
and  Kuhlberg  from  acetnitroparatoluide ;  the  latter  is  best 
})repared  by  dissolving  acetparatoluide  in  4  parts  of  sulphuric 
acid,  and  adding  the  calculated  amount  of  nitric  acid  mixed  with 
2  parts  of  sulphuric  acid  to  the  well-cooled  solution.  If  the 
amoimt  of  sulphuric  acid  be  increased,  the  acetyl-compound  of 
orthonitroparatoluidine  is  also  formed,  while  metanitroparatolui- 
dine  can  be  obtained  by  the  direct  nitration  of  paratoluidine 
if  less  sulphuric  acid  be  used  (Nolting  and  Collin). 

^  Niilting  and  Collin,  Bcr.  Deuiach.  Chem.  Ocs.  xvii.  261. 

»  Ihid.  xviii.  1401. 

'  Reilstoin  and  Kuhlberg,  Ann.  Chrm,  Pkarm.  civ.  14. 

*  Limpricht,  Ber,  Deutseh.  Chcm.  Ocs,  xviii.  1400  ;  Graeff,  Ann.  Chem,  Pham. 
ccxxix.  840. 

*  Nolting  and  Collin,  loc.  ciL 
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It  is  readily  soluble  in  alcohol,  but  only  alightly  in  boiling 
water,  and  crystailizus  in  red  needles  or  prisms,  melting  at 
116°.^  On  heating  with  a  solution  of  ethyl  nitrite,  mctanitro- 
toluene  is  formed. 

MfCanUroparumethyltoluidinf,  CBH3CN0^(GHg)NH(CH,),  ia 
obtained  by  heating  nitrotoluidine  with  methyl  iodide  and 
wood-spirit ;  it  crystallizes  from  alcohol  in  red  needles,  and  from 
benzene  in  tablets  melting  at  84°— 85°. 

Lai;ge,  red  needles  melting  at  58° — 50°  (Oattermann). 


DINITROTOLUIDINES,  C„n/Cns)(N02)4NHB. 

3052.  a-Dinitro-ortkvtoliiidine   (1:3:5:2)   is    formed    when  • 
initro-orthocresyl  ethyl  ether  is  heated  with  alcoholic  ammonia. 
■Jt  is  scarcely  soluble  in  boiling  alcohol,  slightly  in  toluene,  and 
fstallizes  in  prisma  or  tablets  which  exhibit  a  blue  iridescence 
ud  melt  at  208°.* 

fi-Diniirotoiuidine  is  obtained  by  heating  (9-trinitro toluene 
with  alcohohc  ammonia ;  it  crystallizes  from  glacial  acetic  acid 
in  short,  golden-yellow  needles,  melring  at  1*4°. 

y-Dinitrotoluidine  is  formed,  even  m  the  cold,  by  the  action  of 

alcoholic  ammonia  on 7- trinitrotoluene ;  it  is  ahnost  insoluble  in  the 

ordinary  solvents  with  the  exi«ption  of  hot  acetone  and  glacial 

acetic  acid,  and  forms  small,  hard,  golden-yellow  crystals  melting 

^t  102°— 193°. 

Adjaffnt   Dinitroparatoluidine    (1;3:5:4)   is  formed  when 

ratoluide  is  brought  into  concentrated  nitric  acid  and  the 

t  treated  with  alcoholic  potash;'  it  may  also  be  obtained 

I  action  of   alcohohc  potash    on    dinitroparacresyl  ethyl 

It  is  slightly  soluble  in  alcohol,  and  crystallizes  from 

irbon  disulphido  in  yellow  needles,  melting  at  168°.*     Chromic 

lad  oridizes  it  to  chiysanisic  acid.  CeHj(C0,H)(N0ij)3NHi,. 

Sywmelric  Dinitroparatoluidine   (1:2:6:4)   is    obtained    by 

e  reduction  of  a-trinitrotolueue  with  ammonium  sulphide;  it 

'  Gattennuin,  Ber.  Jkufjeh.  Chem.  (lea.  itviii.  1482 

»  Stodel,  ■Ond.  xiv.  POO. 

•  fieUBtnn  »nd  Kulilhirrg,  Ann.  Chcm.  Pharm.  clviii.  3J1 ;  Kellip,  B.-r.  DcnUcb. 

'"I  Oa.  TiiL  877. 

"  1,  Jm.  at.  >  Iliibner,  Aan.  Chem.  PhnTm.  cp.xih.  14. 
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<!ryfltallizi'8  from  acetic  acid  in  yellow,  hair-like  needles,  melting 
at  \i\iVi}'* — IGS**.  It  does  not  yield  chrysanisic  acid  on  oxidation, 
but  a  brown  ])()W(lor  which  is  probably  an  azo-compound.* 

Thiotoluidine,  (CHg.C^^Hg.N  112)28,  is  formed  when  paratolu- 
idiiH*  iH  luMitod  with  sulphur  and  litharge  to  140**.  It  crystallizes 
from  alcohol  in  histrous,  odourless  plates  melting  at  103**,  and  is 
a  (li-acid  Imvho.  Its  salts  crystallize  well,  but  are  decomposed  by 
a  lar^o  < plant  ity  of  water.  When  the  solution  is  heated  with 
fc^rric  chlori(K>  or  any  other  oxidizing  agent,  it  first  becomes 
yellow,  ])aHMitig  into  brownish  red,  and  then  to  dull  red,  a  dark 
llo(M'iilt»nt  jn-ocipitato  being  finally  formed.^ 


DIAMIDOTOLUENES,   or  TOLYLENEDIAMINES, 

CoH3(CH3)(NH2)2. 

2053  a  -  Dm  m  idotoluc  n  r,  or  ordinary  Mrtatoluylenediamine  (1:2:4) 
was  (lisoovorod  by  Hofniann  in  the  high  boiling  portions  of  crude 
aniHno  oil,^  and  was  then  obtained  by  him  as  a  product  of  the 
n»(hi(^tion  of  ordinary  dinitrotoluene  with  iron  and  acetic  acid, 
it  is  l)i\st  ])roj)ariHl  by  the  reduction  of  dinitrotoluene  with  tin 
and  hy(iro(»liloric  acid.*  It  crystallizes  from  hot  water  in  long 
noodles,  melts  at  90**,  and  boils  at  about  280°.  Its  aqueous 
solution  becomos  dark -coloured  in  the  air. 

a-Diiimiiloiolueiic  monohydrochloindc.C^^^^^'HGl,  is  obtained 
by  dissolving  the  base  in  the  calculated  amount  of  hydrochloric 
acid,  and  is  left  as  a  radiating  crystalline  mass  when  the 
solution  is  evaporated.^ 

a-Dinmidofoluene  dihydrochloridr.,  C^Tl^QNoiGlH)^,  crystallizes 
from  warm  hydrochloric  acid  in  needles. 

a'Diamidotolucnc  sulphate,  C^Hj^jNg-SO^Hg  +  ^HgO,  crystal- 
lizes from  water  in  long  prisms,  with  a  vitreous  lustre,  and  is 
precipitated  in  crystals  by  the  addition  of  alcohol  to  its  aqueous 
solution. 

^'DiamidotohienCy  or  Orthotohiyhncdiaminc  (1:3: 4)  is  formed 
by  the  reduction  of  metanitroparatoluidine  with  tin  and  hydro- 

^  r»cilstoin,  Bcr.  Dncfsch.  Chem,  Ocs,  xiii.  243. 
-  Mcrz  and  Weitli,  ihid.  iv.  393. 

3  Jahresb.  CJwm.  1861,  512 ;  Hell  and  Schoop,  Ber.  DeuMi.  Chcm.  Oca.  xii. 
723.  *  Reilstein,  Avn,  Ghent,  PJuxmi,  cxxx.  242. 

*  Bemthscn,  Bcr.  DciUwh.  Chem.  Qes.  xi.  1759. 
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chloric  acid.  It  forms  brilliant  white  scales,  which  are  tolerably 
stable  when  dry ;  its  aqueons  solution,  on  the  contrary,  rapidly 
becomes  coloured  black  in  the  air.  It  melts  at  88'5^  and 
boils  at  265^ 

When  a  crystal  is  thrown  into  water  it  takes  up  a  rapid 
rotatory  motion  in  dissolving,  as  do  the  other  diamines  (Pt.  III. 
p.  238). 

P'Diamidotolutne  hydrochloride,  C-Hi^Ng'^ClH;^  crystallizes  in 
long,  very  soluble  needles. 

fi'Diamidotoluene  mlphaU,  "I'Ct&^^^O^B.^  +  3H,0,  is  more 
readily  soluble  in  water  than  the  o-compound,  and  is  jxedpitated 
by  alcohol  in  brilliant  white  scales,  with  a  nacreous  lustre.^ 

Methyl  -  /3  -  diamidotoluene,  or  Metamidoparamethyltoluidine, 
Q^ESl^{CW^  (NHj)  NH  (CH3),  is  prepared  in  a  similar  manner 
to  the  following  compound,  and  crystallizes  in  four-sided  tablets, 
melting  at  43^— 44^ 

Ethyl'13-dtamidotoluene,  C^B^{CE^'yn^)SK{C^H^),  is  ob- 
tained by  the  reduction  of  metanitropara-ethyltoluidine,  and 
crystallizes  from  sulphuretted  hydrogen  water  in  large,  colourless 
tablets,  which  melt  at  54** — 55**,  and  soon  become  dark-coloured 
in  the  air.  The  peculiar  rotatory  motion  assumed  by  the 
diamines  when  dissohdng  in  water  was  first  observed  with  this 
compound.  A  crystal  which  is  not  too  heavy  acquires  such  a 
rapid  motion  that  it  appears  to  have  a  completely  closed  path. 
A  trace  of  fat  on  the  water  causes  cessation  of  the  motion 
(Grattermann). 

y-DiamidotoliLcnCy  or  Paratoluyknediamxne  (1 :  3 :  5)  was  ob- 
tained by  Beilstein  and  Kuhlberg  from  nietanitro-orthotoluidine ; 
it  is  also  formed  when  ortho-amido-azotoluene  or  metamido- 
azotoluene  is  reduced  with  tin  and  hydrochloric  acid.^  It  is 
readily  soluble  in  water,  crystallizes  from  hot  benzene  in  aggre- 
gates of  tablets,  melts  at  64°,  and  boils  at  273**— 274°.  On 
oxidation  with  manganese  dioxide  and  sulphuric  acid,  it  yields 
toluquinone. 

y- Diamidotoluene  hydrochloride,  Q^^^f^^(liC\)^,  crystallizes 
from  hot  hydrochloric  acid  in  small  plates  with  a  nacreous 
lustre. 

y-Diamidotoluene  sulphcUe,  C^Ji^QlS^SO^H^*  ^  slightly  soluble 
in  cold,  more  readily  in  hot  water,  and  is  precipitated  from  this 
solution  by  alcohol  as  a  white  powder. 

'  Beilstein  and  Kuhlberg,  Ann,  Cti/:m.  Phnrm.  civiii.  351. 
-  Nietzki,  Bcr.  Dcutsch.  Clicm.  Gcs,  X.  832.  1158. 
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As  already  mentioned,  solutions  of  its  salts  to  which  a  little 
orthotoluidine  has  been  added  are  coloured  a  deep  green  by 
ferric  chloride.  Nietzki  at  first  attributed  the  colouration  to 
paratoluylene-diamine  alone,  but  he  afterwards  found  that  the 
colour  was  only  produced  in  samples  prepared  from  ortho-amido- 
azotoluene,  which  had  not  been  completely  freed  from  ortho- 
toluidine ;  the  pure  compound  only  gives  the  reaction  after  the 
addition  of  the  latter  base. 

S'Diamidotobtene  (1  : 2:3)  is  formed  by  the  reduction  of  fi- 
orthonitro-orthotoluidine.  It  forms  red  crystals,  which  are 
readily  taken  up  by  the  usual  solvents,  smell  like  acetamide, 
melt  at  61^—62°  and  boil  at  255°.i 


DIAZO-DERIVATIVES  OF  TOLUENE. 

2054.  Only  the  derivatives  of  paratoluidine  have  hitherto 
been  prepared  pure  ;  they  are  obtained  by  the  methods  used  in 
the  preparation  of  the  corresponding  benzene  derivatives.* 

The  diazo-compounds  of  the  two  other  toluidines  have  only 
been  obtained  as  intermediate  products  in  the  preparation  of 
derivatives ;  many  examples  of  this  kind  have  already  been 
given. 

Diazotolucjie  nitratCy  CHj.CgH^NiiiNO.NOg,  crystaUizes  in 
white  needles. 

Diazotoluenc  sulphate,  CH3.CgH4N=iN.O.S02.0H,  forms  lus- 
trous needles  or  prisms. 

Diazo-amidotohcene,  CHg.CeH^NzzN.NH.CgH^.CHj,  is  pre- 
pared by  passing  nitrogen  trioxide  into  a  solution  of  paratolu- 
idine in  a  mixture  of  alcohol  and  ether.'*  It  crystallizes  in 
yellow  or  reddish  yellow  needles  or  prisms,  and  gives  a  platini- 
chloride  (Ci4HiQN3)oPtClQ,  which  forms  yellow  tablets. 

Diazohenzcnc-amidotoluciie,  CgHgNo.NH.CgH^.CHj,  was  ob- 
tained by  Griess  as  a  product  of  the  action  of  diazobenzene 
nitrate  on  paratoluidine,*  as  well  as  of  that  of  diazotoluene  nitrate 
on  aniline.^  It  crystallizes  in  narrow,  yellow  plates.  The 
formation  of  the   same   compound  by  two   different  reactions 

^  I^llmann  and  Wiirthner,  Ami.  Chcm.  Pharm.  ccxxviii.  243. 
3  Oriess,  Jahresh.  Chcm.  1866,  458. 
'  Griess,  Ann.  Chan.  Pharm.  cxxi.  277 

*  Ibid,  cxxxvii.  60. 

*  Bar.  Deutseh.  Chem.  Ges.  vii.  1619. 
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ti  sbcnU  yield  isomeric  sabsUunccs,  is  stuk^ious  to  the  aaa 
which   has   hetm  idreMly 


HYDRAZINE-DERIVATIVES  OF  TOLUENE. 

i  JVnfWffOjrfraniM.  CH^C.H.NH^XH,.    ia    profvuvd 

patatolaidine  just  ss   is    )ilii>uyl)i^i]nizine   fmm    ai^iliiic. 

i  crrstallizes  frwm  ethereal  solution  in  rhombic  taWcts,  metis 

k  61*,  boils  with  slight  decomposition  between  2*0° — 2W,  unl 

■  slightjy  solable  in  water,  hut  readily  in  alcohoL' 

DijMratolslMt/draaiu,  (CH»CaH^,N=NHp  is  formed  by  the 

Kction  of  zinc-dust  and  ac«tic  acid  oa  diparatolylnitrosainiiic ; 

it  ctyatAUizes  from  benzene  in  colourless  plat«9  melting  at  iTl* — 

172",  and  is  a  weak  monacid  base.     Mercuric  oxido  converts  it 

into  diparatolvlamine  without  the  formation  of  a  tetnuone-com- 

1  (Pt.  IlL  p.  29).» 


rund  ( 
2056 
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2056  AiotoUunfs,  CHj.C^H.N— NC^H^.CH,.  arc  fornicxi  by 
reduction  of  the  nitrotoluenes  or  oxidation  of  the  toluidint>s,  and 
are  converted  into  hydrazotoluenes,  CjHj.NH  — NH.CjH,,  by 
further  reduction. 

Ortko-azotoluene  is  obtained  by  the  action  of  zinc-diist  and 
aJcoholic  potash,  or  sodium  amalgam  and  alcohol  on  orthouitro- 
toluene,'  as  well  as  by  the  oxidation  of  orlLotol  nidi  lie  with 
potassium  permanganate,  ammonia  and  oxalic  acid  being  simul- 
taneously formed.*  It  is  volatile  with  steam  and  crystallizes  from 
ether  in  red  prisms  melting  at  55°.  It  is  reduceti  to  lyrtluikydn)- 
fixotolueiu  by  the  further  action  of  sodium  amalgam ;  this  forma 
solourless  crystals  melting  at  166°,  which  decompose  at  a 
igber  tejnperature  into  orthotoluidine  aail  ortho-azotoluenc,  and 
liftze  readily  oxidized  to  the  latter  in  the  air. 

'  E.  Fischer,  Birr.  DfutscA.  Choit.  Ga.  ii.  890. 

'  Iichae,  ibid,  xiii.  IG4G, 

'  Petriaw,  Beilstein'B  Org.  Cbem.  97S  ;  Brr.  Ikidtdi.  Chcm.  </a.  vi.  607. 

*  HoogeworiTand  Tun  Dorp,  ibid,  li  1203. 
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Meta-azoiohunc  is  most  readily  formed  by  treating  metanitio- 
toluene  with  zinc-dust  and  alcoholic  potash.^  It  crystallizes  from 
weak  alcohol  in  orange-coloured  rhombic  prisms  melting  at  55*. 
When  it  is  heated  with  alcoholic  ammonium  sulphide,  the  liquid 
mdnhydrazot'dufnc  is  formed  and  rapidly  re-oxidizes  in  the  air. 

Para- azotol urn/;  may  be  best  obtained  by  dissolving  1  part  of 
paranitrotoluene  in  10  parts  of  alcohol  and  gradually  adding  22 
parts  of  4  per  cent,  sodium  amalgam  together  with  a  sufficient 
quantity  of  acetic  acid  *      The  oxidation  of  paratoluidine  with 
potassium  permanganate  affords  a  very  poor  yield  of  the  azo- 
compound,  but  better  results  may  be  obtained  by  oxidizing  the 
sulphate  of  the  base  with  potassium  ferricyanide  (Barsilowsky). 
It  is  also  formed  by  the  action  of  chromic  acid  on  a  solution  of 
paratoluidine  in  glacial  acetic  acid,^  and  by  that  of  bleaching 
powder  on  the  base  dissolved  in  chloroform.* 

It  is  slightly  soluble  in  alcohol,  readily  in  ether  and  petroleum- 
spirit,  crystallizing  from  the  latter  in  orange-yellow  needles 
which  melt  at  144^  When  it  is  heated  to  100**  with  alcoholic 
ammonia  in  a  closed  vessel,  parahydrazotolucne  is  formed  and 
cryHbillizes  in  large  needles  or  tablets  which  melt  at  124'' and 
(le(!OTnjrK)so  into  paratoluidine  and  parazotoluene  when  more 
strongly  heated.  It  rapidly  becomes  oxidized  to  the  latter  when 
itH  alcoholic  solution  is  exposed  to  the  air  (Melms). 

Barsilowsky,  by  the  oxidation  of  paratoluidine  with  potassium 
f(;rri(ryani(l(?,  (»btaine(l  parazotoluene  and  an  isomeric  substance,* 
which  Perk  in  also  obtained  by  the  action  of  potassium  dichromate 
on  a  solution  of  toluidine  sulphate.^  It  forms  red,  hexagonal 
(!ryMtalH  i\w\  is  a  weak  base ;  Perkin  was  only  able  to  prepare  its 
platini(!hlori(I(»,  from  the  composition  of  which  he  concluded  that 
tli(?  (!oin|K)un(l  w;ts  a  triparatolylcnediamine,  CjiHjjNj,  while 
IJaiHilowsky  found  that  it  is  reduced  by  alcoholic  ammonium 
Kul|)hi(|<?  to  a  (!0iniK)und  isomeric  with  hydrazotoluene,  which 
(!ryHtalliz<;H  in  Hinall  colourless  plates  and  readily  oxidizes  in  the 
air.  It  is  a  w(;ak  l)as(i  and  forms  a  very  characteristic  oxalate, 
(<'uIIj<,Njj)./|^ir/)^-f-njj(),  which  separates  from  dilute  alcohol 
in  Ktar-lik<^  a'4gregat(^s,  which  arc  very  similar  to  the  seed 
feathers  of  thc^  dandelion. 

'  IkrHilowHky,  Anv.  fUwin.  Phnnn.  ccvii.  111. 
■^  H el lUH,  yyrr.  Dc^iUteh,  Clicm.  Gcs.  iii.  549. 
^  r«rkin,  Joum.  Chcm,  Sor.  1880.  i.  5r>3. 
*  Hchinitt,  Joum,  Prakt.  Chcvi.  [2J  xviii.  108. 
**  Ann,  Cftnn,  Pharm.  ccvii.  102. 
"  Joum.  Chem,  Soc.  1880,  i.  546. 


Klinger  and  Pitachke  h^ve  if'j-r  f.nui  iLiS  iLr  reii  snzi 
is  an  amido-azo-compoond  of  lire  t^n.ili  C^H^X^  -  Ii  is 
decomposed  into  paratoloidint:  aa-J  foniJ^ib#6:if..'ri.wii*/,  C^rH^N^ 
by  energetic  reduction  with  Tin  &Ckd  Ljipxilicir  acii  Tlis 
compound  crystallizes  in  ?Tn^W  oci-joriess  plir.^^  &Lfi  is  ra^iily 
oxidized  toparanjit.VAuiduu,  Q^^VL^^  wtiiL  f  .*zi^  g- v^'  2-i«5zw25 
red  plates,  and  dissolves  in  vaier  wirii  a^  ii^iiei.^  Ti'>Lei-r5»i 
colour.  The  red  substance  has.  therrf":*^,  the  f*>i'wiiig  ojt- 
stitution,  CjjHj-^H^jN  =z  N.C^H^.CH*.  TLes-e  cv>iLi<»>3rri5 
will  be  more  fullv  described  in  the  seou-eL 

OrtluMizorytoiit€>u,CjJinSJJ,is  fc«TL€:>i  when  •>ni*'j5iitr*>u&hir:ne 
is  heated  with  a  solution  of  ^jdiank  in  n^eThvl  &k>>hoL  azkd 
ciystallizes  from  warm  petroleum-aether  in  yellow,  m-xioclinic 
needles  melting  at  59~ — 60'.  It  is  not  converud  into  the 
isomeric  hydroxyazotoluene,  C.EL.N«,CjHf.OH,  on  heating 
with  concentrated  sulphuric  acid,  but  a  large  quantity  of  ortbo- 
toluidine  is  formed,  the  oxygen  thus  hberated  producing  the 
oxidation  of  a  portion  of  the  ortho-azoxyt«Juene  to  a  mixture  of 
amorphous  acids. 

Klinger  and  Pitschke  consider  that  the  conversion  of  azoxy- 
benzene  into  hydroxyazobenzene  "Pl  III.  p.  297y  is  brought 
about  in  a  similar  manner,  and  may  be  looked  upon  as  "  hy* 
droxylation  by  direct  oxidation."  - 

Amido  -  azkdmiu:^,  CH,.QH,N  =  N.QH3  CH,;  NH^,  are 
formed  by  the  action  of  nitrous  acid  on  orthotoluidine  and 
metatoluidine,  while  paratoluidine,  as  already  mentioned,  is  thus 
converted  into  diazo-amidotoluene.  Compounds  belonging  to 
tlus  group  are  also  formed  by  the  action  of  a  diazoparatoluene 
salt  on  orthotoluidine  or  metatoluidine,  as  well  as  on  aniline, 
etc.* 

Amidcriho-azotoluene  is  obtained  by  passing  nitrogen  trioxide 
into  orthotoluidine  floating  on  a  saturated  solution  of  common  salt. 
The  product  is  allowed  to  stand  for  some  time,  washed  with 
water  to  remove  any  orthocresol  which  has  been  formed,  treated 
with  dilute  caustic  soda  and  finally  boiled  with  dilute  hydrochloric 
acid,  the  hydrochloride  thus  obtained  being  then  decomposed  by 
ammonia. 

Amidortho-azotoluene  is  slightly  soluble  in  water,  readily  in 
alcohol,   and  crystallizes  in  lustrous,  golden  plates   or   tablets. 


»  Ber.  Deutxch.  Chcm.  Gcs.  xvii.  2439. 

•■'  Ibid,  xviii.  2551. 

»  Nietzki,  ibid.  x.  662,  832,  1156. 
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melting  at  lOJ*".  The  hydrccbloride,  C^Hj^Nj^ClH,  is  only 
slightly  solulile  in  water,  and  crrstollizes  in  long,  tliin  tablets 
with  a  silvtiT  lustrvv. 

This  comjx^unJ  is  d<:<N>mposed  into  orthotoluidine  and  para- 
tolvlenedianiint;*  bv  the  action  of  hvdrochloric  acid  and  tin  or  zinc 

*  •  « 

dust,  and  has  tlien:*foi>i)>  the  foUowing  constitution : 


-•l?7Jtcfi)»nW(i-*7c<</»i/7//'ji/  cTTstallizes  from  alcohol  in  broad, 
$^>ldon-vollow  iKVillos  meltin^T  at  S0^  The  hvdrochloride  forms 
lone,  dark  blue  noov^U>s,  which  are  only  slightlv  soluble  in  hot 
alci^hol  and,  like  all  the  other  salts  of  this  class,  is  decomposed 
by  >**ator.  On  nvluotion  ^-ith  tin  and  hydrochloric  acid,  para- 
tolvleiuslianune  is  foniu^l. 

( hih<>^t  m  ui'  }^i  ni -<?:•<  4,  vw^m^  forms  yellow  tablets  melting  at  1 27** 
— li!S\  its  hvdnx^doride  cn-stallizes  in  cinnabar-red  needles, 
which  apjv;ir  of  a  stivl-bluc  i\>lour  when  seen  by  reflected  light. 

Mdamuio}MJi>Kt^ohin)r  crAst;vllizes  fr\>m  alcohol  in  large,  yellow, 
plates,  molting  at  I  iI7'' :  the  hydnx»hloride  forms  small,  steel-blue 
ikhhUos. 

Poro-iitn  i'</i  pfiro-ti:i>ti'hini4.  In  onlor  to  prepare  tliis  compound, 
the  isomeric  d in zo-nmido|van^tohione  is  heated  for  twelve  hours  to 
iK)"*  with  five  times  its  weight  of  jxiratoluidine  and  one  equiva- 
lent of  ivjvi-atohudino  hydnx^hloride.  It  crystallizes  from  alcohol 
or  acetic  other,  in  onuigt^-nnl  lustriMis  needles  melting  at  118'5®. 
Its  hvdnvhloride  crvstallizes  in  Hs^ht  vellow  needles  and  forms 
a  grivn  solution  in  water.  It  is  converteil  into  paratoluidine 
auil  orthotolvUnuHliamino  bv  nnluction.* 

On  tivatment  with  funnng  sulphuric  acid,  a  mixture  of  di- 
sulphonic  acids  is  formiMl.  which  comes  into  the  market  as 
"  At*id  yellow  U.**  simv  it  dyes  a  retlder  shade  than  the  colouring 
matter  obtained  fri>m  anntlo-azolK»nzene  (Pjirt  III.  p.  307), 
which  is  then»t\»n*  calliHl  **  Acid  vellow  G." 

a-Jzi\vi/toItti4{i7u\  Oi^Hj2Njj(N  1^2)20,  is  formed  by  the  action 
of  stnlium  amalgjim  on  a  solution  of  orthonitroimratoluidine  in 
absolute  aleohol,  and  crystjxllizes  from  hot  wat^^r  in  small,  yellow 
nccHlles  melting  at  148^  It  is  a  diac*id  base,  and  on  farther 
reduction  yields  the  following  compounds  : 

'  K oiling  aud  Witt,  Bcr.  Dcultch,  Clian.  Gcs.  xvii.  77. 
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a-Azotoluidine,  or  Symmetric  a-diamido-azotohccne,  Cj^H^jNg 
(NH2)2,  crystallizes  from  hot  water  Id  red  needles  which  are 
readily  soluble  in  alcohol  and  melt  at  159°. 

a-HydrazotoluidiTie,  C^^^^(^ ^^Qi'B^^,  is  almost  insoluble 
in  cold  water  and  alcohol,  but  is  slightly  soluble  in  hot  alcohol ; 
it  forms  small,  colourless,  rhombic  tablets  which  melt  at  ISO"*. 
It  is  tolerably  stable  in  contact  with  cold  water  and  alcohol, 
but  rapidly  oxidizes  when  heated  with  them  in  the  air.^ 

P'Azoxytoluidinc,  Q^^^^^i^^^jd,  is  obtained  from  para- 
nitro-orthotoluidine  and  crystallizes  in  long,  yellow  to  yellowish 
red,  silky  needles  melting  at  168°;  its  salts  crystallize  well. 
When  heated  with  concentrated  sulphuric  acid,  it  is  converted 
into  the  isomeric  hydroxyazo-compound,  just  as  is  the  case  with 
azoxybenzene  (Part  III.  p.  296)  : 

yN.C7He.NH2  NC^HgCOHlNHg 

OC    I  =1 


\n.C7H,.NH2  N  C^Hg.N  H,. 

This  compound  crystalUzes  from  alcohol  in  small,  dark  red 
needles,  which  melt  at  212°  with  decomposition.  Its  hydro- 
chloride and  sulphate  are  only  slightly  soluble  in  water.  On 
treatment  with  stannous  chloride  and  hydrochloric  acid,  it 
is  resolved  into  ordinary  diamidotoluene  and  diamidocrcsoly 
CgH2(CH3)(NH2)20H,  the  hydrochloride  of  which  crystallizes  in 
white  needles  which  become  coloured  blue  in  the  air ;  the  free 
base  immediately  becomes  resinous. 

P'AzotoluidinCj  or  Symmetric  ^-diaviido-azotolucnc,  O^fii^o 
(NH^a,  crystalUzes  from  hot  water  in  small,  yellow  needles,  and 
is  deposited  on  the  gradual  evaporation  of  its  alcoholic  solution 
in  long,  red  needles,  which  melt  at  197°,  and  are  slightly  soluble 
in  water,  readily  in  alcohol.  The  sulphate  is  only  slightly 
soluble  in  water,  the  hydrochloride  being  somewhat  more  readily 
dissolved. 

/8-  TTydrajiotoIuidinCy  C^fi^^(^,J[i^(j!^Yi^c^y  forms  yellow  needles 
which  rapidly  oxidize  when  exposed  to  the  air  in  a  moist  state. 
It  decomposes  without  melting  when  heated,  and  bums  with  a 
brilliant  flame.  It  is  almost  insoluble  in  absolute  alcohol,  but 
dissolves  readily  in  dilute  alcohol  and  water.  ^  • 

^  Buckncy,  ihid.  xi.  1451. 

'  Liiiipricht,  Bcr.  DciUsch,  Chcin.  Oc^,  xviii.  MOS ;  Graff,  Ann.  Chcm,  Pluirm. 
ccxxix.  340. 
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Tbe  ccuDstitutiaDS  cif  ibe  two  axotohiidiiies  are  expressed  by 

the  foDowiiu:  formulae : 


NIL 


MetanitToparatoluidiDe  is  immediitely  coQTerted  by  sodium 
amalgam  into  tbe  corras^'oidingdiaznidotoliiene,  while  metanitro- 
oTtbo-  and  a-<»rtboiiitrometa-toli2idiDe  yield  lesiiious  products  on 
oxidation  ^Limpricht\ 

AsymmHric  diamid<HiSi4.c^%ifC%c^  CjH-NzzNC-H^CNH^j,  cor- 
responds to  cbiysoidine  ^Part  IIL  p  SOI)  and  is  formed  by  the 
action  of  diazt>toluene  nitrate  on  a-diamidotoluene.  It  crystal- 
lines from  alcohol  in  orange-yellow  needles  melting  at  183^  Its 
hydnxhloride.  ^^Oj^Hj^N^^OlH,  forms  red  needles.^ 

2057  Tolusa/ranifu^  Oj^H^X^.  The  histoiy  of  this  dye,  which 
is  simply  known  as  **  safranine  '*  in  commerce,  has  already  been 
briefly  indicatoil.  Phenosafranine  chloride,  the  lower  homologue 
of  tolusafranine,  has  been  prx>ved  *  to  have  the  following  con- 
stitution : 

N 


I 


r 
\    \    \/ 

I 

N— CI 

1 


/ 


This  formula  explains  all  the  facts  which  have  been  already 
given  (Part  III.  p.  369)  concerning  this  substance,  and  also  its 
formation  from  one  molecule  of  paradiamidobenzene  and  two 
molecules  of  aniline. 

Hofmann  and  Geyger  were  the  first  to  subject  the  com- 
mercial j)roduct  to  a  searching  examination ;  they  ascertained 

*  Hofhiann,  Ann.  Chem.  Phtnn.  x.  218. 

^  Witt,  Bcr.  DeiUach.  Chcm.  Gc^.  xix.  3121.     Nictzki,  ihid.  3163. 


TOLUSAFEANIN&  fll 

that  it  is  a  hydrochloride  of  the  formula  ChHj,N^C1,  which 
is  not  attacked  by  alkalis,  but  is  readily  decomposed  by  moiat 
silver  oside,  and  that  it  is  not  a  derivative  of  aniline,  as  had 
been  up  to  that  time  assumed,  but  of  orthotoluidine,  from  which 
it  can  be  obtained  by  the  action  of  nitroua  acid  and  oxidation 
of  the  products  with  arsenic  or  chromic  acids.'  Witt  then 
found  that  it  is  formed  by  heating  amido-ortho-azotoluene  with 
orthotoluidine  hydrochloride,*  and  by  the  oxidation  of  a  mixturo 
of  orthotoluidine  and  paratoluylenediamine.*  In  order  to  prepare 
it,  a  solution  of  equal  molecules  of  orthotoluidine  and  hydrochloric 
acid  is  treated  with  the  calculated  quantity  of  sodium  nitrate,  to 
obtain  amido-ortho-azotoluene  ;  the  product,  aft«r  the  addition  of 
some  orthotoluidine  hydrochloride,  is  allowed  to  stand  and  is 
then  reduced  with  zinc-dust  and  hydrochloric  acid,  a  mixture  of 
•y-diamidotoluene  and  orthotoluidine  being  formed,  wliich  ia  then 
neutralized  and  oxidized  with  potassium  dichromate;  if  the 
solution  were  kept  acid,  toluquinone  would  be  formed.*  The 
safranine  ia  then  precipitated  with  common  salt,  filtered  off, 
pressed,  dried  and  brought  into  the  market.* 

Tolusafraninc  kydrockloride,  C^H^N^Cl,  ia  tolerably  soluble 
in  wal^  and  alcohol,  forming  red  solutions  which  possess  a 
characteristic  fluorescence;  the  salt  is  precipitated  from  its 
aqueous  solution  by  the  addition  of  hydrochloric  acid  in  red 
crystals,  which  are  best  obtained  by  crystallizing  the  commercial 
product  from  boiling,  dilute  alcohol.  The  free  base,  obtained 
from  this  compound  by  means  of  silver  oxide,  probably  has  the 
formula  Cj,HjiN^OH,  and  forms  reddish  browu  crystals  which 
take  a  faint  green  metallic  lustre  on  drying,  but  have  not  yet 
been  ohtaineil  free  from  silver  chloride ;  they  are  soluble  in 
wat«r  and  alcohol,  but  not  in  ether. 

Tot-aaa/ranine  nitrate,  CjjHjjNj.NOj,  crystallizes  in  reddish 
brown   needles   which   are   only   very   slightly  soluble   in  cold 

Tolusn/ranine  picrate,  CflHj,N^.CjHg(NOj)jO,  ia  obtained  by 
the  aildition  of  picric  acid  to  a  solution  of  one  of  tlie  salts  of 
the  base,  and  forms  brownish  red  needles,  insoluble  in  water, 
alcohol  and  ether. 

'  Ber.  DeuLvA.  Chan.  Get.  v.  62fl. 

'  I\nd.  I,  87i. 

«  IMd,  lii.  939  :  BindBchedlor,  ihiA.  liii.  207. 

*  Noltidg,  SchulU,  5fci«iijAfaj»«Kwr,  1019. 

•  Ibid.  527. 
VOL.  Ill, — PART  IV. 
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Tolusafraniue  shows  all  the  characteristic  reactions  of  the 
safraniues  (Part  III.  p.  323). 

It  is  employed  as  a  substitute  for  saffron  for  dyeing  silk  and 
cotton  monlanted  with  tannin. 

2058  Toluykni'hlice,  C15H13N4.HCI  +  HgO,  is  formed  when  36 
grms.  of  nitrosodimethylaniline  hydrochloride,  and  24  grms.  of 
metatoluylonodiamine,  each  dissolved  in  500  c.cm.  of  water  at 
30^  are  mixwl ;  evolution  of  heat  takes  place  and  a  deep  green 
colouration  is  produced.  If  the  solution  be  now  allowed  to  stand, 
flat,  lustrous  brown  prisms  separate  out,  but  gradually  fall  into  a 
fino  crystalline  pi^wder.  These  readily  form  blue  solutions  in 
watiT,  alcohol  and  acetic  acid  ;  traces  of  free  mineral  acids  change 
tho  (»oh)ur  into  reddish  brown,  the  original  shade  being  restored 
by  alkalis.  The  base  is  precipitated  by  alkalis  from  its  solution 
as  a  rosinoua  mass  which  takes  a  cupreous  lustre  in  the  air. 

Tt>luylene-blue  is  converted  by  tin  and  hydrochloric  acid  into 
i\\\>  leuco-compound,  CigHgoN^HCl,  which  is  a  deliquescent 
crystalline  substance  and  is  very  readily  re-oxidized. 

Toluylcm-rcd,  Cj^HigN^,  is  formed,  together  with  the  leuco- 
comjxmnd,  when  toluylene-blue  is  boiled  with  water  for  15-20 
minutes.  Stniiuous  chloride  precipitates  the  colouring  matter 
as  a  (h)ublo  tin  salt  in  crystals,  which  are  then  decomposed  by 
an  alkali. 

Toluylono-rod  crystallizes  in  orange-red  needles  containing 
four  nu)looulos  of  water,  which  they  lose  at  150° — 160**.  The 
anhydrous  bjuso  is  blo<xl-red  and  only  slightly  soluble  in  alcohol; 
it  forms  nxse-red  normal  salts,  which  are  stable  and  readily 
soluble  in  water,  while  its  acid  salts  are  coloured  blue  and  are 
decoini>osc(l  by  water. 

Toluf/lcnC'Violet,  Ci^Hj^N^,  is  formed  by  warming  toluylene- 
blue  with  metatoluylenediamine  dissolved  in  dilute  acetic  add 
for  twelve  hours  to  35° — 40°,  the  leuco-base  of  the  blue  compound 
being  simultaneously  formed  : 

Toluylene-violet  forms  red  crystals  with  a  green  reflection 
and  is  even  less  soluble  than  toluylene-red  ;  its  solution  is  flesh- 
coloured  and  shows  a  remarkable  orange-yellow  fluorescence. 
Its  slightly  soluble  normal  salts  are  coloured  violet  and  crystal- 
lize well,  while  the  acid  salts  have  a  grass-green  colour. 


Witt   gives  the   following   constitutional   for 
oin  pounds :  * 


I 


.N(CH.), 


Am 


o.h/ 

J 
\NH, 


N(CHJ, 


^ulfe  for  these 

Toliiyleiic- violet. 


CoHANH 

\nh„ 


PHOSPHORUS    DERIVATIVES   OF   TOLUENE. 

2059  PartUclylphosphomg  dichloride,  CHg.CgHjPCl.,  ia  obtained 
tiy  the  continued  heating  of  15  parta  of  tohiene  with  200  parts 
uf  phosphorus  trichloride  and  3  parts  of  aluminium  chloride, 
or  by  heating  mercuiy  paratolyl  with  phosphorus  trichltaride  to 
180° — 190°.*  It  is  a  crystalline  mass,  which  fuine.s  slightly  in 
lltQ  air,  melts  at  25°,  and  boils  at  245^. 

PttraXolylphospliorus  tctracMiTide,  CHj.C„H^PCl^,  ia  formed  by 
the  combination  of  the  compound  just  described  with  chlorine, 
nnil  crystallizes  from  benzene  in  pointed  prisms  melting  at  42°. 
Whm  heated  in  a  sealed  tube  to  200°,  it  decomposes  with 
(onnution  of  the  dichloride  and  parachlorobenzyl  chloride : 

2CH».CaH,PCl,  =  CHj.C,H,PCl,+CH3Cl.CflH.Cl+PCij+HCL 

It  rapidly  deliquesces  in  the  air,  forming  piirat.nIt/ljilMsphorits 
i"yrhiiiride.  CHj.CgH^FOClj,  which  is,  however,  best  obtained 
in  ft  similar  manner  to  phenylphosphorus  oxychloride,  by  the 
nation  of  sulphur  dioxide  on  the  tetrachloride.  It  is  a  tbick 
li'iui:!,  kiiling  at  2H4°— 285°. 

I'tratolt/l  ph-osphcnyimia  acid.  CHj.CoHjPOjHj,  is  formc-d  by 
''ip  fiction  of  water  on  the  dichloride.  It  is  slightly  soluble 
1"  water  and  crystallizes  from  alcohol  in  tablets  melting  at 
"l*'-105°. 

Pamlolylphospkenilu:  aci,l.  CH3,C8HjPO(OH),.  is  obtaiue-l  by 
'''-"omiposing  the  tetrachloride  or  the  oxychloriile  with  water.  It 
'*  readily  soluble  in  alcohol  and  crystallizes  from  water  in  matted, 
w'wSly  needles  which  melt  at  181°.    It  is  decomposed  by  ignition 
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with  lime,  with  formation  of  toluene  and  calcium  phosphate. 
Potassium  permanganate  oxidizes  it  to  parahcmophosphenilic  add, 
C02H.CgH^PO(OH)2,  which  will  be  described  under  benzoic  acid. 

Paraioiylphosphiney  CHj.C^H^.PHj,  is  obtained  by  heating 
tolylphosphenylous  acid  in  an  atmosphere  of  carbon  dioxide.  It 
is  a  liquid  which  possesses  a  most  intense  smell,  inhalation  of  its 
vapour  producing  headache  and  bleeding  of  the  nose.  It  boils 
at  ITS'"  and  soUdifies  at  a  lower  temperature  to  a  crystalline  mass 
which  melts  at  4*.  It  is  rapidly  oxidized  to  tolylphosphenylous 
acid  in  the  air.  It  combines  with  hydriodic  acid  to  form 
parcUolylphosphonium  iodide,  CH3.CgH^.PH3l,  crystaUizing  in 
broad,  lustrous  needles  which  deliquesce  in  the  air  and  sublime 
in  cubes  when  heated  to  340''  in  a  current  of  carbon  dioxide. 

DimethylparcUolyl  phosphine,  GH^,G^^^{GlEL^^j  is  obtained 
by  the  action  of  zinc  methyl  on  the  dichloride,  and  is  a  liquid 
which  has  an  unpleasant  smell,  boils  at  210^  dissolves  in  acids 
and  is  not  oxidized  by  exposure  to  the  air.  Mercuric  oxide  con- 
verts it  into  dimethyltolylphcsphine  oxide,  CHj.CgH^.P(CH3),0, 
which  is  a  thick  liquid.  The  phosphine  combines  with  methyl 
iodide  to  form  CH3.CgH^P(CH3)I,  crystallizing  in  needles  which 
melt  at  225**  and  yield  a  strongly  alkaline,  deliquescent 
hydroxide.^  The  corresponding  chloride  is  a  very  hygroscopic 
crystalUne  body.« 

OrthotolylphospJuxrus  dichloride,  CHs-C^H^PClj,  is  obtained  by 
heating  orthomercury  tolyl  with  phosphorus  trichloride.  It  is 
a  liquid  which  boils  at  244°  and  does  not  solidify  even  at  -20^ 
It  combines  with  chlorine  forming  the  tetrachloride  as  a  solid 
yellow  mass.  It  is  decomposed  by  water  with  formation  of 
orthotolylphospJicnylous  acid,  which  is  a  liquid  but  forms  crystal- 
line salts,  while  the  orthotolylphosphenUic  acid  obtained  from  the 
tetrachloride  consists  of  small  crystaUine  grains  which  melt  at 
141*  (Michaelis  and  Paneck). 

ARSENIC    DERIVATIVES    OF    TOLUENE. 

2o6o  Arsenparatolyl  chloride,  CHj.CgH^AsClg,  is  obtained  by 
heating  mercury  paratolyl  with  arsenic  trichloride.*  It  crystal- 
lizes in  tablets,  melts  at  31*,  and  boils  in  an  atmosphere  of  carbon 
dioxide  at  267*  without  decomposition.  It  combines  with  chlorine 

^  Czimatis,  Ber.  Deutseh.  Chem,  Oes,  xv.  2014. 

«  Ibid.  2018. 

'  Michaelis  and  La  Coste,  Ann,  Chem,  Pharm.  cci.  246. 
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fonaing  the  tetrachloride,  a  yellow  crystollinii  mass,  which  ia 
Mini-ifuiJ  at  the  ordinary  temperature  but  solidifies  completely 
™  cofliing.  It  is  converted  by  water  into  tolylarsenie  add, 
CHj.C,H,AsO(OH),,  which  crystallizes  in  Ipng,  thia  needles 
^Tieo  the  dichloride  is  boiled  with  caustic  soda  solution,  arseTi- 
^yl  tmde,  CHj-CgHjAsO,  ia  formed  aa  a  powder  melting  at 
156'. 

Argindiparatolyl  chloride,  {CHg.CgH4)jAsCl,  ia  formed  when 
oiercary  tolyl  ia  boiled  for  a  long  time  with  three  or  four  times  its 
amount  of  arseutolyl  chloride.'  It  ia  an  oily,  yellow  liquid  which 
IS  Converted  by  boiling  alcoholic  potash  into  arsevditolyl  oxide 
[(CHj.C,HJjAb)jO,  which  crystallizes  from  ether  in  silky  needles 
Belting  at  98°.  The  monochloride  combines  with  chlorine  to 
iooa  araendipamtolyl  trirhlvrvk,  {CHg.CnHj)jAaClj,  a  yellow 
powder  which  is  immediately  converted  by  water  into  dipara- 
'ofylarsenic  acid,  (CjH,)jAaO(OH),  a  white  crystalline  mass 
*Iiich  is  slightly  soluble  in  water,  readily  in  alcohol,  from  which 
*t  crystallizes  in  granules  melting  at  167".  It  ia  oxidized 
"y  an  alkaline  solution  of  potassium  permanganate  to  dibcmo- 
•»%s«iw  acid,  (COgH.CBHjjAsOjH. 

3Viparaiolylarsinc,    (CHg.CuHJjAs.    is    formed    by    heating 
ipamtolyl  oxide  to  360° : 

SCHa-CBH.AaO  =  (CHg-CaH  JjAs + As^Oj. 

^''  separates  fiijm  ethereal  solution  in  large  crystals  which 
^*^t  at  145°  and  only  volatiUze  at  temperatures  abovo  360°. 
^''"hen  chlorine  is  passed  into  its  chloroform  solution,  arsifUri- 
^^y/rficAiorwfe,  (CHj.CjH,)jAsClj,  is  formed  as  a  white  crystal- 
r^"*)e  mass  which  is  dissolved  almost  without  decomposition  by 
^^iling  water. 

Tritolylarsine  is  oxidized  by  alkaline  potassium  permanganate 
Qlution  to   trUfmo-artcnic  aci^l.  (C0gH.C„Hj)3As(0H)j,  which 
irill  be  described  under  benzoic  acid. 
ArHTwrthotolyl  chloride,  CaHj.CgHjAsClj,  has  been  obtained 
1  mercury  orthotolyl  and  arsenic  trichloride,  and  is  a  faintly 
nellitig  liquid  which  boils  at  264° — 265°  in  an  atmosphere  of 
ftrbon  dioxide  without  undergoing  decomposition.     It  combines 
jnrith  chlorine  in  form  the  tetrachloride,  which  is  a  thick  honey- 
rellow  liquid.     When  the  dichloride  is  boiled  with  soda  solution, 
rrrthotoiyl  oxide,  CHgCuH,AsO,  is  formed  as  a  powder  which 


H8  AROMATIC  COMPOUNDS. 


iio|)an\UHl  from  the  para-compound  by  le-crystallization  from 
Ihmixouo.^  In  order  to  prepare  it,  bromotoluene  to  which  a  little 
iMH»tio  other  and  petroleum  have  been  added,  is  boiled  with 
I  *5  jH^r  oout,  sodium  amalgam  for  a  long  time  in  an  apparatus 
oouutvUxl  with  an  inverted  condenser,  and  the  products  separated 
by  it>-i^ry»Uvllixation  from  hot  benzene.* 

JUttHUitjf  orthotolf/lt  (CHjCgHJ^Hg,  is  more  readily  soluble 
iu  biMixt'UO  thtui  the  para-compound  and  crystallizes  in  large 
trirliuio  UibloU  melting  at  107^ 

^/♦vNwry  }HttiUoii/l  forms  matted  needles  which  melt  at  238* 
M\i\  oau  bo  diatilliHl  without  decomposition,  if  the  heating  be 
vt^ry  tuvi\>t\illy  jK>rformed.  It  is  only  slightly  soluble  in  cold 
wutor.     lU»  ilorivativos  resemble  those  of  mercury  phenyL 

*  Ai^H.  Ch4?ui.  I'hani^  olxxiii.  162.  >  Ibid,  cci  246 


2o64  The  compounds  obtained  by  the   replacement  of  * 
I  atom    of  hydrogeo    in  the  methyl  group  of  toluene  by  other 
f  elements  or  radicals  are  looked  upon  as  derivatives  of  a  mono- 
valent radical  ph^nylmdhyl  or  hcTizyl,  CuHj.CHj. 


BENZYL  ALCOHOL,  C,H6.CHj.0H. 

Liebig  and  Wohlcr,  in  1832,  observed  that  when  oil  of  bitter 
almonda,  CfH^O,  ia  treated  with  alcoholic  potash  in  absence  of  air, 
benzoic  acid,  CjHgOj,  is  formed,  together  with  an  oily  substance, 
which  is  different  from  the  original  oil ;  they  make  the  following 
remarks :  "  Although  we  have  not  investigated  this  new  product 
more  carefully,  there  can  be  no  doubt,  provided  that  the  alcohol 
takes  no  essential  part  in  the  reaction,  that  it  ia  formed  either  by 
separation  of  oxygen  from  the  oil  of  bitter  almonds  or  by  some 
reaction  involving  the  sharing  of  the  elements  of  water.  In  the 
former  case  its  comixraition  will  be  expressed  by  the  formula 
C„H„0,  in  the  latter  by  Ci^H^Og "  »  (C  =  <>.  0  =  8). 

Connizzaro  then  found  that  this  substance  is  "  the  alcohol 
corresponding  to  benzoic  acid,"  and  that  although  its  composition 
does  not  correspond  with  that  of  the  ordinary  alcohols,  it  behaves 
towards  reagents  as  an  alcohol,  the  aldehyde  of  which  would  be  oil 
of  bitter  almonda  He  obtained  the  latter  compound  by  oxidizing 
the  alcohol  with  ordinary  nitric  acid,  while  chromic  acid  gave 
benzoic  acid.  He  further  showed  that  the  action  of  hydrochloric 
acid  produced  an  ethereal  chlorine  compound,  C,H,CI,  which  is 
derived  from  the  alcohol  of  benzoic  acid  and  is  reconverted  into 
I  the  alcohol  by  treatment  with  caustic  potash ;  when  heated  with 
.  aliobolic  ammonia  it  yielded  a  base  which  differed  essentially 


from  toluidme.  Ho  also  prepared  the  acetate,  which  is  decom- 
posed by  warming  with  caustic  potash  into  acetic  acid  and  the 
alcohol  of  benzoic  acid,  and  says :  "  This  kind  of  alcohol  appears 
to  be  the  type  of  a  whole  class  of  new  alcohols,  the  more  complete 
investigation  of  which  is  now  in  progress." ' 

In  the  course  of  this  investigation  he  found  that  concentrated 
alcoholic  potash  produced  a  decomposition  in  which  benzoic  acid 
and  toluene  were  formed  from  the  alcohol,  so  that  the  latter 
stands  in  the  same  relation  to  toluene  as  wood-spirit  to  marsh 
gas;* 

CjH^O  +  KOH  =  CjHjKOg  +  2H, 

CjHgO  +  H,  =  CjHg  +  H,0. 

He  also  succeeded  in  converting  toluene  into  the  alcohol ;  by 
the  action  of  chlorine  on  the  boiling  hydrocarbou  he  obtained 
chlorobenzyl,  which  was  identical  with  that  obtained  by  tho 
action  of  hydrochloric  acid  on  the  alcohol.  On  heating  with, 
potassium  acetate,  both  compounds  gave  benzyl  acetate,  which 
yielded  the  alcohol  on  saponification  with  caustic  potash.* 

This  compound  had  previously  been  in  the  hands  of  several 
chemists,  who  had  not,  however,  recognised  its  nature.  Fremy 
isolated  from  Peru  balsam  a  compound  which  he  named  cinnameio, 
from  which  he  obtained  cinnamic  acid  and  peruvin,  C,H^O,  by 
heating  with  caustic  potash.*  The  latter  compound,  according 
to  Plantamour,  who  prepared  it  the  same  way  and  also  observed 
the  formation  of  cinnamic  acid,  is  ethjl  cinnamate ;  he  was  led 
to  this  conclusion  by  the  fact  that  when  he  heatetl  it  with 
caustic  potash  and  evaporated  the  whole  to  dryness,  he  obtained 
potassium  cinnamate  and  a  combustible  vapour  which  he  took 
for  ethyl  alcohol.  He  remarks  that  the  origin  of  this  substanca, 
which  was  only  recognised  in  this  indirect  and  remarkable 
manner,  still  requires  explanation.'  Scharling  first  accurately 
determined  the  composition  of  cinnamein  and  looked  upon  it 
a  compound  ether.  The  peruvin,  CjHj,0,  obtained  from  it 
considered  as  au  alcohol,  probably  identical  with  Cannizzai 
compound.  When  he  brought  it  into  cont'tct  with  platini 
black,  the  smell  of  oil  of  bitter  almonds  was  produced.' 

Strecker  then  expressed  his  conviction  that  cinnamein 
cinnamic  ether  of  benzyl  alcohol,'  and  was  confirmed  by  1 

'  Ann.  Clam.  Pharm.  Ixxxviii.  139.  =  Ibid.  xc.  2B2. 

>  Ibid  TCTi.  216.  •  Ibid.  x\x.  3S4. 

■  tbid.  ixx.  841.  "  Ibid,  xovii.  IBS 

'■  Lehfb.  On).  Cfawi.  1856,  *5fl. 
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^V  according  to  whom  Frem/a  peruvin  was  a  mixture  of  this 
1^^    ftlcohol  and   toluene,  Plantamour's  compound  being,  however, 

the  pure  alcohol.  The  acid  taken  For  oituiamic  acid  was 
I  obviously  benzoic  acid  aud  the  combustible  vapour  consisted  of 
^m    toluene.^ 

^^1  The  liquid  portion  of  Peru  balsam  *  consists  chiefly  of  the 
^B  benzoate  and  cin&amate  of  benzyl,  but  also  contains  some  free 
^^  benzyl  alcohol.'     Both  ethereal  salts  occur  in  Tolu  balsam,*  and 

the  latter  in  liquid  styraz.^ 

Benzyl  alcohol  also  seems  to  be  contained  in  the  oil  of  the 

Icbeny-laurel.  which  consist*  chiefly  of   benzaldehyde   and   its 
cyanhydrin  (Tdden).* 
The  a«tion  of  alcoholic  potash  on  oil  of  bitter  ahnonds,  whioh 
was  observed  by  Cannizzaro,  is  characteristic  of  the  aromatic 
aldehydes,  oiidation  and  reduction  taking  place  simiiltaneously : 


C.H5.CHO  +  KOH  =  C„Hs.CO.OK  +  H, 
CbHj.CHO  +  H,  =  aoHs.CHj.OH. 


Benzyl  alcohol  is  also  formed  by  the  action  of  sodium  amalgam 
and  water  on  benzaldehyde^  and  on  benzoic  acid,*  while  the 
fetty  acids  are  not  changed  by  nascent  hydrogen.  Benzoyl 
chloride,  CjHj.COC'l,  is  also  reduced  to  benzyl  alcohol  by  the 
action  of  sodium  amalgam  and  hydrochloric  acid,*  wldle  a  better 
yield  may  be  obtained  by  adding  sodium  amalgam  to  an  ethereal 
solution  of  benzamide,  CjHj.CONH,,  which  contains  water  and 
has  been  rendered  laintly  acid  with  hydrochloric  acid.'* 

'  ^Bit.  Chem.  PhATm.  crii.  208. 

'  Peru  balaom,  like  Tolu  balsam,  wsa  first  described  by  the  SpaDiah  phynciui 
MoTurdts  (p.  3)  ;  thn  latter  19  derired  from  Mj/roxyton  tcluifira,  the  former  bom 
Itynayloii  parcirae,  a  nitiro  of  Central  America  in  the  district  of  Coata  del 
Bftlsamo.  Fern  balaani  cODtaiss  the  aame  anbatancea  ta  that  from  Tola,  together 
*fth  geverajof  a  diSereaC  nature,  thia  beingdne  to  the  difference  in  the  methods  of 
extiBctioD  emplojed  in  tbe  two  coaea.  While  the  latter  is  obtained  by  tbo  aimple 
jRooesB  of  making  incisions,  it  is  ncceBaary  to  remore  the  bark  before  extracting  Hia 
.Fern  balsam.  In  order  to  sccomnliBh  this,  it  la  first  loosened  by  blows  of  a  hammer 
or  the  back  of  an  axe,  and  is  then  aaperliciBlIy  charredby  burning  torches  or 
bundles  of  twigs,  the  effect  of  this  treataeot  being  either  todetAch  it  or  to  render 
its  remoral  a  matter  of  no  difficulty.  The  stem  ia  next  wrapped  round  with  rap, 
wMeh  become  saturated  with  the  balsam,  sod  are  then  removed  and  heated  with 
nAet ;  the  baUBm  ia  thus  aeparated  from  the  cloth  aad  ainlce  to  tbo  bottom  of  the 
TeaseJ  (Pliickjgcr  and  Kanhury,  Pharmaaijrraphvi,  2  Ed.  p.  205). 

'  Knitt,  jitm.  Chtm.  Pharm.  alii.  131. 

•  Btr.  DaUach.  Chem.  Om.  ix.  930. 

'  LtabenheimeT,  Ann.  Chan.  Pharm.  cixiv.  289, 

•  norm.  Jmrn.  TnmM.  [3]  v.  761, 

'  Priedel,  Ann.  Chem.  Pharm.  PX*iv.  334. 

•  Hernnanu,  tftut  eiraiil  75.  *  Lippmann,  ihid.  cxxxvii.  252. 
"  Qmreachi,  Ooa.  Chiia.  llal.  i».  465;  llrr.  DcuCwh.  CAcm.  Oes.  vii.  1462. 
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It  is  best  obtained  from  beiizyl  chloride,  wliich  can  readily  be 
prepared  from  toluene,  by  boiling  it  for  two  hours  with  water  and 
lead  hydroxide,'  or  by  simply  boiling  it  for  two  days  with 
25 — 30  parts  of  water,  76  per  cent,  of  the  theoretical  yield  being 
thus  obtained.* 

According  to  Mennier,  it  may  be  advantageously  prepared  by 
boiling  equal  parts  of  benzyl  chloride  and  potassium  carbonaU' 
with  10  parts  of  water  for  several  hoiirs." 

Cannizzaro's  process  does  not  serve  for  the  preparation  of  the 
alcohol  from  benzaldeliyde,  as  the  action  of  the  alcoliolic  pot.asli 
ia  only  gradual,  even  on  long  continued  heating,  and  a.  consi- 
derable loss  ia  experienced  through  the  formation  of  resinous 
products.  If,  however,  10  parta  of  the  aldehyde  be  shaken 
up  with  a  solution  of  9  parts  of  caustic  potash  in  6  parts  of 
water  until  a  permanent  emulsion  is  obtained,  and  sufficient 
water  to  form  a  clear  solution  be  then  added  to  the  semi-solid 
3  of  crystals  formed  on  standing  by  the  separation  of  potas- 
a  benzoate,  the  benzyl  alcohol  can  readily  be  extracted  from 
the  liquid  with  ether.  The  ether  is  then  distilled  off  and  the 
residue  purified  by  rectification  without  being  dried.  In  this 
way  92  per  cent,  of  the  theoretical  yield  can  be  obtained,  while 
the  application  of  alcoholic  potash  only  gives  a  yield  of  43  per 
cent.  Since  only  one  half  of  the  benzaldehyde  is  converted  into 
the  alcohol,  benzyl  chloride  is  a  more  econoniical  source ;  it 
however,  more  difficult  to  obtain  in  a  state  of  purity 
benzaldehyde  and  therefore  does  not  yield  a  pure  product 
readily.  As  mentioned  above,  it  is  impossible  to  dry  the 
alcohol  before  distillation;  it  combines  with  calcium  chloride 
slowly  in  the  cold,  more  rapidly  on  heating,  and  is  attacked  by 
solid  caustic  potash.* 

If  two  molecules  of  benzaldehyde  be  added  to  a  solution 
one  atom  of  sodium  in  1 2  parta  of  methyl  alcohol  and  the  mixl 
heated  in  an  apparatus  connected  with  inverted  condenser,  a  whU 
substance  soon  separates  out,  wliich  seems  to  bo  a  compoui 
of  methyl  benzoate  and  sodium  methylate,  since  it  is  formi 
when  these  are  heated  together,  K  the  beating  be  continut 
fur  about  two  days  and  the  mass  neutralized  with  glacial  acetioS 
acid,  and  then  heated  with  water,  an  oil  separates  out  which 

'  Grimanx  and  I^uth,  Ann,  Cheia,  Fharai.  cxtiii.  80. 
'  Niwlurixt,  Aid.  cicvL  353. 

•  Btill  Soc  C\im.  xxxvili.  1B». 

*  E.  Mojor,  Ser.  Denlich,  Chcin.  Ges.  %ix.  23fl4 
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be  Hi|Mrated  into  two  pcrtioos  by  disdUstion.  About  two-thirds 
of  the  whole  boil  between  ]98' — SIO'.  and  on^st  f^  a  mix- 
ture of  eqtul  mcJecales  of  methyl  benaoate,  btuling  mt  199'', 
and  benzyl  akoboj,  boiling  at  206°.  These  canoot  be  separated, 
bat  if  the  bensoate  be  saponified,  pure  benzirl  alcohol  can 
readily  be  obtained. 

The  smaller  portion  of  the  product,  aboal  20 — 30  per  cent 
on  the  benzaldebyde  employed,  boils  at  320° — 3i4°,  and  consists 
at  benzyl  benzoate.  Iliia  is  polymeric  with  the  aldehyde  and  is 
fiormed  directly  from  it : 


C,H(-CHO  C,Hj.CO 


/ 


kThe  chief  leactJon,  however,  consists  in  the  convGrsioD  of  the 
nnddehyde  in  the  presence  of  sodium  methylate  into  methyl 
Dzoate  and  benzyl  alcohol : 

2C,Hs-CH0  +  CHyOH  =  C,Hs.CO.OCH,+  CoH^-CHjOH. 

The  two  latter  appear  to  be  then  partially  converted  into 
benzyl  benzoate  and  methyl  alcohol* 

If  this  reaction  be  employed  for  the  preparation  of  benzyl 
alcohol,  the  original  product  is  simply  saponified. 

In  order  to  prepare  it  from  Peru  balsam,  the  latter  is  thoroughly 
agitated  with  2  volumes  of  caustic  potash  of  sp  gr.  12,  the 
emulsion  exhausted  with  ether,  the  extract  separalei]  and  eva- 
porated, and  the  residual  oil  heated  with  4  volumes  of  caustic 
potash  of  sp.  gr.  13  until  a  homogeneous  liquid  ia  obtained.  The 
pulpy  mass  of  crystals  formed  on  cooling  ia  pressed  in  linen, 
and  the  hquid  diluted  with  water  and  distilled  until  the  dis- 
tillate ceases  to  appear  milky.  The  alcohol  is  then  separated 
from  the  aqueous  distillate  and  the  portion  which  remains  dis- 
solved in  the  latter  extracted  by  ether.* 

IVop&rti^s. — Benzyl  alcohol  is  a  liquid  which  possesses  a  faint 
aromatic  odour,  boils  at  206°,  and  has  a  sp.  gr.  of  1063  at  0°. 
It  is  not  insoluble  in  water,  as  was  at  one  lime  ihought,  for 
100  parts  of  water  at  17°  dissolve  4  parts  (R.  Meyer).  When 
lieated  with  hydriodic  acid  and  a  little  phosphorus  to  170° — 
180°,  it  is  almost  completely  reduced  to  tolueuo,  only  a  smnll 
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amount  of  higher  boiling  substances  being  formed^  Its  other 
characteristic  properties  which  were  ascertained  by  Cannizzaro 
have  been  abready  mentioned. 


BENZYL  ETHERS. 

2065  Benzyl  methyl  ether,  CgH5.CH2.0.CH3,  was  obtained  by 
Sintenis  by  heating  benzyl  chloride  with  methyl  alcohol  and 
caustic  potash.2  It  is  a  pleasant  smelling  liquid,  which  boils 
at  167*" — 168*"  and  is  decomposed  by  chlorine  in  the  cold  with 
formation  of  benzaldehyde  and  methyl  chloride  : 

CeH5.CH2.0.CH3 + CI2 = GqR,.COR  +  CHjCl + HCL 

Benzyl  ethyl  ether,  CgHg.CHj.O.CgHg,  is  formed  when  benzyl 
chloride  is  boiled  with  alcoholic  potash,  and  is  a  mobile  liquid, 
possessing  a  pleasant  odour  and  boiling  at  182*" — 184°.*  Chlorine 
acts  upon  it  in  the  cold  just  as  on  the  methyl  ether ;  at  the 
boiling  point,  however,  benzoyl  chloride  is  formed : 

G^K,,GR^.O,G^K,  +  201^ = G^R^.GOGl + G^Rfil + 2HCL 

In  the  presence  of  iodine,  ethyl  iodide  and  parachlorobenz- 
aldehyde,  CgH^Cl.COH,  are  obtained  (Sintenis). 

Bromine  produces  a  similar  decomposition,  benzaldehyde,  ethyl 
bromide  and  hydrobromic  acid  being  first  formed ;  the  latter 
then  decomposes  another  portion  of  the  ether  into  benzyl 
bromide  and  ethyl  bromide,  and  the  benzaldehyde  is  converted 
into  benzoyl  bromide  by  the  excess  of  bromine.* 

Dibenzyl  ether  or  Benzyl  oxide,  {G^^.G^^fi.  Cannizzaro 
obtained  this  compound  by  heating  benzyl  alcohol  to  120° — 125° 
with  boron  trioxide  and  treating  the  product  with  water  and 
potassium  carbonate.  When  the  dried  oil  is  distilled,  imaltered 
benzyl  alcohol  comes  over  first,  and  then  the  ether,  a  resinous 
hydrocarbon  remaining  behind  in  the  retort.  Dibenzyl  ether 
is  a  colourless,  oily  liquid,  which  boils  at  310° — 315°  and  has  a 
faint  indigo-blue  fluorescence.      It  decomposes  into  toluene  and 

'  Griibe,  Ber,  DeiUsch.  Chem,  Oca.  viii.  1054. 
^  Ann.  Chem.  Pharm.  clxL  384. 
'  Cannizzaro,  Jahresb.  1856,  582. 
*  Paterno,  Gaz,  Chim.  ItaL  i.  586. 
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benzaldehyde  whea  heated  to  a  few  degrees  above  315°  in  a 
sealed  tube  ;  a  very  small  quantity  of  the  resinous  hydrocarbon  ia 
also  formed  in  this  way.  Dibenzyl  ether  is  also  formed  in  small 
quantity,  tt^ther  with  various  hydrocarbons,  when  benzyl 
chloride  is  heated  with  water  to  190°,^ 

C,  W,  Lowe  prepared  dibenzyl  ether  in  the  following  way : — 
Sodium  was  added  to  benzyl  alcohol  diluted  with  ether.  Towards 
the  end  of  the  reaction  heat  was  applied  in  order  to  convert  all 
the  alcohol  into  sodium  benzylate.  The  product  was  mixed  with 
benzyl  chloride  and  gently  heated,  when  a  rather  violent  reaction 
set  in. 

Dilemyl  ether  ia  a  perfectly  colourless  liqiiid,  having  a  shght 
but  persistent  odour  of  hawthorn  blossom.  Its  sp.  gr.  at  16°  ia 
1-0359.  It  boils  at  295° — 298°,  at  the  same  time  being  partially 
resolved  into  toluene  anil  benzaldehyde.  This  decomposition 
goes  on  more  rapidly  at  315°  as  Cannizzaro  found,  a  very  small 
quantity  of  a  resinous  body  being  formed  at  the  same  time. 

Benzyl  phenyl  ether,  CgHj.CHj.O.CgHj,  is  obtained  by  heating 
benzyl  chloride  with  potassium  phenate  and  alcohol  to  100°.* 
It  forms  scaly  crystals  with  a  nacreous  lustre,  melts  at  38° — 39" 
and  boila  at  286°— 287°  (Sintenia).  On  heating  with  con- 
centrated hydrochloric  acid  to  100°,  it  decomposes  into  benzyl 
chloride  and  phenol ;  hydrobromic  acid  produces  a  similar 
decomposition.  Chlorine  attacks  it  in  the  cold  with  formation 
of  benzyl  chloride  and  substitution  products  of  phenol,  the 
action  of  bromine  being  quite  analogous.  In  the  presence  of 
mercuric  oxide,  on  the  other  hand,  substitution  products  of  the 
ether  are  formed  (Siuteuis). 

Melting-        Boiling- 
poioL  point. 

Benzyl  chloro- 1  C,H,.CH,  i  „  ,  ,,      _„    „,. 

pLenyl  ether   }      C.H.cf  f  "  '""S  °''"""'"  '»  ^'^         ~ 

"i^e^i'Sr  } '•&°?;  } 0  W needle, 59--59-5-      - 

Benzyl    para- \  C„H,.CHg  (^  hexagonal      \  A^' 
cresylether    JCH^.CflH.f'-'     prisms         j  *^  ~ 

StkcTS  of  henxyl  with  th/-  dihydroxybenzenes  are  formed  whi-n 


Limjiricbt,  Ann.  Chan.  Fharm,  cxJtii 
Laath  and  Gnmani,  ibid,  ciliii.  SI. 
Stadul,  BcT.  Dtutxh.  Chan.  Qa.  liv. 
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tho    latter    aro    heated    with    benzyl    bromide    and   alcohofic 


Mdtmg- 
point 


Bonzyhiuinol.      C.H,  |  o5H,.CeH,  }  ^^^JS^"^  }  ^^^ 

DilH^nzyKiuiuol,   O^H,(O.CH2.CoH^)2,  lustrous  tablets  130" 

Dilx^nzyhvHor-  \  ri  u  /r\  n-cr  r<  XT  \     f  Small  lustrous  )  ..^ 

^"^^'cZlr^^^    }  CoH,(O.CH,CeHJ„  yeUow  needles  61" 


ETHEREAL  SALTS  OF  BENZYL. 

ao66  licnzf/l  chhride,  (\H5.CHjCl.  Cannizzaro  obtained  this 
tH>m|H»uinl  l»y  tho  aotiou  of  hydrochloric  acid  on  benzyl  alcohol 
nnd  it  is  also  formiHl  by  that  of  chlorine  on  boiling  toluene.* 

It  is  pn^pannl  on  the  large  scale  by  the  latter  method,  the 
tohinio  hoing  ronUunod  in  large  glass  balloons  heated  by  a  bath 
of  rah'ium  chlorido,  and  tho  chlorine  passed  through  in  such  a 
nuuinor  that  it  ohiolly  oomos  in  contact  with  the  vapour  of  the 
toluoiuv  This  is  otVootod  by  only  allowing  the  leaden  conducting 
U\\h\  which  tonuiiuitos  in  a  short  piece  of  glass  tubing,  to  dip  a 
Miuall  distnuoo  holow  tho  surface  of  the  boiling  liquid.  The 
vapotirs  of  tohuMio  aro  ooiulonsod  by  a  cooUng  arrangement 
and  tho  IndnH'hlorio  aoid  evolved  is  led  into  water.  The 
Uroduot  is  wiushod  with  water  containing  a  Uttle  caustic  soda^ 
and  tho  luMizyl  chloride  freed  from  unaltered  toluene  and 
liigluT  substitution  lU'iHluet^  by  distillation. 

It  is  a  rolourioss  liquid,  the  vapour  of  which  has  a  penetrating 
aronuitic  Huioll,  rapidly  proiluces  a  flow  of  tears  and  attacks 
tho  umeous  nionibrane  most  violently.  It  boils  at  176**  and 
hivs  a  sp.  gr.  of  1*1 07  at  14^  As  it  undergoes  double  decom- 
|M)sition  very  readily,  it  is  employed  for  the  preparation  of  the 
other  benzyl  comjwunds,  and  it  is  also  used  to  a  considerable 
extent  in  tho  synthesis  of  the  higher  members  of  the  aromatic 
series.  It  is  also  technically  employed  in  the  manufacture  of 
benzaldohyde  and  in  the  colour  industry. 


*  Schiff  and  Pcllizzari,  Ann.  Chem.  Phnrm.  ccxxi.  865. 
'  noilstcin  and  Qeitncr,  ibid,  cxxxix.  887. 


BENZYL  IODIDE. 

Menzyl  bromide,  C^Hj.CHjBr,  is  formed  by  the  action  of 
bydrobroinic  acid  on  benzyl  alcohol,  and  by  that  of  bromine  on 
boiling  toluene.^  It  is  a  liquid  which  first  smells  Uke  cress  and 
then  like  mustard  oil ;  its  vapour,  like  that  of  the  chloride,  pro- 
duces a  flow  of  tears.  It  boils  at  193° — 199°,  and  has  a  sp.  gr, 
of  1-438  at  22°. 

Baisyl  iodide,  CgHj.CHjI,  was  obtained  by  Caunizzaro  in  the 
impure  state  by  the  action  of  iodine  and  phosphorua  on  benzyl 
alcohol.  Lieben  prepared  the  pure  compound  by  allowing  benzyl 
chloride  to  stand  in  the  dark  for  three  weeks  with  five  times  its 
weight  of  hydriodic  acid.^  It  is  also  formed  by  the  action  of 
potassium  iodide  on  benzyl  chloride,'  and  is  a  colourless,  crystal- 
line body,  the  vapour  of  which  produces  a  most  copious  flow 
of  tears;  it  is  only  slightly  soluble  in  alcohol,  but  readily  in 
ether  and  carbon  disulphide.  It  fuses  at  24°  to  a  liquid  which 
has  a  9p.  gr.  of  I'TSSo,  and  on  further  heating  becomes  coloured 
red,  decomposing  at  about  240°,  at  which  temperature  it  com- 
mences to  boil,  into  iodine,  hydriodic  acid,  and  a  hydrocarboL 
which  smells  like  toluene. 

Bemyl  nitrate,  CgHj.CHj.NOj.  appears  to  be  formed  by  the 
action  of  silver  nitrate  on  benzyl  chloride :  the  product  of  the 
reaction  decomposes  on  distillation  with  an  energetic  evolution 
of  red  fumes,  the  distillate  consisting  of  henzaldehyde  and 
benzoic  acid.* 

The  samo  products  are  obtained  by  treating  benzyl  iodide 
with  silver  nitrite,^ 

3067  Benzyl  acdntf.,  C^^XM^  CjH,Og.  Cannizzaro  obtained 
this  compound  by  distilling  benzyl  alcohol  with  acetic  and 
sulphuric  acids,  as  well  as  by  heating  benzyl  chloride  with 
potassium  acetate,  and  alcohol  It  is  a  liquid  which  pnssesses 
an  aromatic  odour,  boils  at  206°,  and  has  a  sp.  gr.  of  1-057  at 
w  IG'a".*  It  is  converted  into  the  benzyl  ether  of  hydrocinnamic 
icid  or  benzylacetic  acid  by  the  action  of  sodium : 
4C«H,.CH,.O.CO.CH3-|-2Na  = 
20„Hj.CEI,.O.CO.CHyCH,.CaH,-i-2NaO.CO.CHa-|-Hj. 

Roiling-point, 
Benzyl  propionate,  CjHi.O.CgHsO  21!)°— 220°. 

Benzyl  butyrate,      C,Ht.OC,HjO  238°— 240°. 

■  Kaknli!,  Ann.   CKem.   PImna.   cxxxrii.   ISO  ;  Cannizzaro,  ibiit.   cxli.  168 ; 
JblbUiD,  ibid,  ciliii  SSS  ;  Lnulh  find  Cn'inntix,  ibid,  irilv.  1 13. 
»*  SeiLKkr.  CA^.  [S]  vi,  736.         •  V.  Muyif,  Bar.  DculiKh.  Chmii.  Geo.  x.  311. 
\*  Biunnei',  Ser.  Dailseh.  Chcm.  Oen.  is.  ITtl.      *  vnn  Itvocoai;,  ibid.  ix.  1154, 

['  Omuwliiiid  IIodgkinHOD,  Lirbi^s  Ann.  ExciiL  298. 
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These  ethers  are  acted  upon  by  sodium  in  the  same  way  as  the 
acetate  (Conrad  and  Hodgkinson).  The  compounds  thus  formed 
will  be  subsequently  described. 

Benzyl  oxalate,  {0^11^.011^2^2^ v  ^^  formed  by  the  action  of 
benzyl  chloride  on  silver  oxalate,^  and  by  heating  benzyl  alcohol 
with  oxalic  acid.^  It  crystallizes  from  hot  alcohol  in  lustroiu 
white,  scaly  crystals,  melting  at  80*5^ 

Isonitrosobenzyl  ether,  CgH5.CH2.0.Nzi:CH.CO.CHj,  is  prepared 
by  heating  benzyl  chloride  with  a  solution  of  sodium  and 
isonitroso-acetone  (Part  I.  p.  572,  and  Part  III.  p.  170,  note)  in 
absolute  alcohol.  It  crystallizes  from  petroleum  ether  in 
colourless  tablets,  which  have  a  pleasant  smell  of  flowers  and 
melt  at  45°— 46°.» 

Acetoxime  benzyl  ether,  CgH5.CH2.0Niz:C(CH3)2,  is  obtained 
in  a  similar  manner  from  acetoxime,  and  is  a  pleasant  smelling 
liquid  which  decomposes  into  acetone  and  benzylhydroxylamine 
when  boiled  with  concentrated  hydrochloric  acid  : 

CoH5.CH2.0.N=C(CH8)2+H20=CeH,.CH2.0.NH  |  CO(CHs)r 

The  compound  actually  obtained  in  this  way  is  benzylhydrosoh 
ammonium  chloride,  which  crystallizes  in  silvery  scales,  and 
is  converted  into  benzyl  iodide  by  heating  with  hydriodic 
acid  :* 

CeH,.CH2.0.NH3Cl  +  3HI=CeH5.CH2l+NHp+H20+Ir 


SUBSTITUTION   PRODUCTS  OF   BENZYL 
ALCOHOL   AND   ITS   DERIVATIVES. 

2o68  Substitution-products  are  not  formed  by  the  dire^ 
action  of  chlorine,  bromine,  or  nitric  acid  on  benzyl  alcoha' 
since  all  these  reagents  produce  oxidation.  Its  ethers,  hs^ 
ever,  can  undergo  direct  substitution,  and  if  an  atom  C> 
hydrogen  in  one  of  them  be  replaced,  para-compounds  aT* 
formed,  from   which   the   corresponciing   alcohols   may  readily 

'  Beilstein  and  Kuhlberg,  Ltebig's  Ann,  cxlvii.  841. 

*  Dumas  and  Demar^ay,  Compt.  Rend.  Ixxxiii.  688. 

*  Meyer  and  Ceresole,  Ber,  DetUseh,  Chem,  Ges.  xv.  8071. 

*  Janny,  ibid,  zri  170. 
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be  obtained.  Thus,  parachlorobenzyl  alcohol,  CeH,Cl.CHa.OH,  ia 
prepared  by  boiling  its  chloride  or  bromide  with  water : 

C(,H,Cl.CH,Br+ HjO  =  CgH.Cl.CHpH  +  HBr. 

Tho  haloid  ethers  can  also  be  converted  into  the  acetate  by  boil- 
ing with  alcohol  and  potassium  acetate,  and  tliia  saponified  by 
heating  with  ammonia : 

CeH.CLCHyO.CjHjO +NH,  =  C„H,C1.CH..0H  +  C„H,,O.NH^ 

The  higher  chlorinated  benzyl  chlorides  have  been  converted 
i&to  their  alcohols  by  means  of  this  reaction. 

Paranitrobenzyl  alcohol  can  readily  be  prepared  by  nitrating 
benzyl  acetate  or  oxalate  and  heating  the  product  with  am- 
monia. 

Chlorine  aubstitution-producta   of   benzyl   chloride    can    be 

obtained,  as  already  mentioned,  by  treating  it  with  chlorine  in 

the  cold  or  in  presence  of  iodine,  aa  well  as  by  allowing  chlorine 

to  act  upon  the  vapour  of  boiling,  chlorinated  toluene.     Accord- 

I' 4*%  to  Bedstein  and  Kuhlberg,  the  latter  is  the  better  method, 

kiDd  is  now  generally  adopted. 

H   The  bromine  substitution-products  are  prepared  in  a  similar 
'■manner;   the  use  of  this  methoi:!  has  shown  that  substitution 
does  not  readily  take  place  in  the  raethyl  group  when  bromine 
is  allowed  to  act  on  boiling  orthobroniotoluene. 

Paranitrotoluene  is  converted  by  bromine  at  high  temperatiu^ea 
into  paranitrobenzyl  bromide ;  paranitrobenzyl  chloride  and 
metaiiitrobenzyl  bromide  can  also  be  readily  obtained,  but  not 
the  ortho -com pound-  If  orthonitrotoluene  be  heated  with 
Lromine,  no  ortlionitrobenzyl  bromide  is  found,  but  the  product, 
according  to  Wachendorff,  consists  of  dibrom orthonitrotoluene, 
C,HjBrj(NOj)CHj,  which  is  not  attacked  by  potassium  acetate 
■  acetate  even  at  160°.^  It  possesses  the  exceptional 
loperty  of  dissolving  in  a<|ueous  alkalis  and  being  reprecipitated 
y  mineral  acids,  and  Greiff  was  therefore  induced  to  examine  it 
c  carefully.  He  found  that  it  is  not  dibromonitrotohiene,  but 
>ricdibromi>rtlio-aroidobenzoicacid,CgHgBrg(NHj)CO^H. 
B  the  isomerides  of  orthonitrotoluene  behave  quite  diSbrently 
hranls  bromine,  it  follows  that  the  ortho-position  facilitates  a 
klual  exchange  between  the  oxygen  of  the  uitroxyl  and  the 

'  Ann.  Chein.  I'liann.  clusruv.  250. 
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"r- : r*  V  ■  •  ^  ~*-i^*  ^^  ^u ^"L  H- J w  tiiia  in^ermoL^cii  1  Ar  change  takes 
^i»oi'  !,«?  ii'i  ~.r  "">^ii  -^n^l'.iz-r^l  bu*  iti  seem3  probable  that 
7r-liv  .'  r»lv'!j--  >r*i::A:»!  .a  drsc  p:mieJ  and  i3  then  con- 
'fvr'vx:  *v  :-.»e  •2.:~r\';"i  r^:u;3  iiTJ  orthi>aniidobenzoic  acid, 
^i;5<    u^    xu.r-    ,*u.vi-v:«j   .s   :xnii.:t\i  :o  benzoic  acid   by  nitric 

»>Sx  rrr*ft -:.-•-  icv."  f.tv/ivr.  C^^*rLCH^OH.  is  formed  by 
X* •  V •  :^    .u*  ."••  r-t >>e\> CI i: .^i^  ^r; aL:ii»f  :r  j hi- ^ri«le  wit h  water,^  or  by 

tc  i -  V f  :^  y;^. -K  •  t !  v *r  ■  ,>  o^  \  sc^rsxz^  ^j  1 ; V' '  wiih  a»iueoii3  ammonia.* 
I"  5^  r^\fc-  ^  :5v\  i  ic  VI  ilo?a»'L  scar^rlj  ia  coLl.  but  somewhat 
^tv'iv  ri-.u:  "'■     :i   wimi  ir-v<T  ^'ia  wbich  it  crrstallizes  in  long 

t.x.  \  s  r:.      -  .K  -    V    Jjci^L-a  md  Feld;.      Oxidizing  agents 

Melting-point 

lV-*'or^Vf*j- *  .il..>;».i/       O/rlj-r-^OKjOH.     needles        IT 
Tvv.-*   '.^.v:--:*-  fl^.^^'^^.•     C/:ijC'*j.CrLOH.     crystals        — 

iVt^uwcLlciVvX    :>-.*l-v\v  i  •C^.^OH^OH.   short  needles  193° 

J-  -r.  K,--.i\  i-rr*     )4      >  -  O.ciyiOHLO.CjHy  is  formed  b^ 
K\\::v,:  ;\tr^*>.\'r, K ci^\ ■.  .V-lor.:;:*  :r  i\.vr,whlorobenzvl  acetate 
>«v.lx  ,ll^.^^.^^c  ivcitjo. .  *.:  !si  A  l,:u.:'.l  vliioh  K^Us  at  218V  w^*^ 
1$  :^vl\:    ui>    Vv    ol'.;;'.i-;>   :ii  :!:;-.'    vvli  ir::o  ethvl  chloride  anc^ 


c>.  '  V  t.*.  m:  "  .  \:.\v*  ::.V.  •.  ;r  5"  icvVj.uvv.'  chloride,  Cfi^ 
OHOl\.H\H..  is  vrtixirwl  rv  Ivi.ir.^  Krarvlidene  chloride, 
O^HvOHOU-  tor  .\  loria:  tir.,-.^  w-.tlx  aIv\  holio  ammonia.  It  is  a 
liquid  whioh  K^Lls  at  ilO' — il:^-  a::.1  is  convened  into  ethyl 
motanitrv^Knzoate.  C^^  >\\  00.00 JI,,  by  nitric  acid.^* 

F'.inich'cr.i'cnzul  ch^crtdc.  O.H.OIOILOL  is  obtained  together 
with  a  Uttlo  of  the  ortho-vvir.jvuiul.  by  the  chlorination  of 
benzyl  chloride  in  presence  of  io^iine,  and  by  the  action  of 
chlorine  en  K>iliug  monochlorotoluene.  ;vs  a  liquid  which  boils 
at  213" — 214°."  It  is  prejwrevl  pure  from  p:irachlorotoluene ;  ^* 
it  crystallizes  from  alcohol  in  lustrous  necvlles  or  prisms  which 

'  Jackson  and  Field,  Bcr.  IkuU'ch.  Cheni.  Gts,  xL  905 ;  Aincr.  Chcm.  Joum 
ii.  88. 
'  I^rilflt4-in  and  Kulilh«?rg,  Ann.  CJinn.  Phat'm.  cxlvii.  344. 
»  Jfjid.  350.  *  Jbid.  clii.  241.  »  IbvL  245.  •  Ihui.  246 

7  Naqu-t,  ihid.  Supjd.  [21  250.  •  Ncuhof,  ibui.  cxlvii  345 

"  Sim  Ml  in,  ibid.  clxi.  3:i5. 

*'*  Iliilmcr  nnd  Iknti-,  Ikr.  DnU!>ch.  Chrnu  Get.  vi.  505. 
"   Ninliof,  Ann.  Chrm.  Phnnn.  cxlvi.  320. 
'-  Jjukhon  and  Kirld,  Jhr.  VciUsch.  Ch<m.  Ges.  xL  904. 
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mdi  at  29",  leadilj  iwHimp.,  aiki  pones  as.  ij-icikib:  ^iwruE- 
which  attacks  the  mnoaas  memhruv^  Tiar 


benzyl-       [c^^CLCHja.  fc^iii    .  —  141 

Trichloro-      \ 

benzyl-       VC^CVCH,C1      , 
chloride  *    j 
Tetrachloro- ) 
benzyl-       VC^a^CH,CL 
diloruie,'    j 
Pentachloro-S 
benzyl-       VC^C\.CH,C1.       fine 
chl<»ide,^     j 


I^arachlarobenzyl    hromidf,    C^H^CLCH,Br.    m^rnliiss     tee 
chloride  very  closely ;  it  meha  at  -l-v^'.* 

J'araeAlorobtmyi  a^atf,  CJB.riCE[^0/:M/J.  i*  icniziei 
bjr  boiling  the  chloride  with  pocaaaozn  aeieca^ie  anf  ab«*:t:r:<r 
aloobol ;  it  is  a  Uqind  whidi  beds  at  f -!</  acil  Ll§  a:i  arirr-azii" 
odour* 

J'arabromobeRzyl   aleoluJ,   QHJBr.CH2.OH.  is   f:r::iai 

tta^  Iromide  is  boiled  with  water  fc-r  seTeral  daTi :  ii 

finom  a  hot  solution  in  flat,  **l^«ri^  pearly  neeiks  -vidazh  LaT^  an 

aromatic  odoor,  melt  at  69*.  and  odIt  volatilize  sLyvlr  irhL  fyam/ 

-^arabromobenzyl  hramide,  QH^R-.CHjBr.      TLis  Ojccprjiirii  is 

P«"^pared  by  passing  bromine  vapoar  into  a  bjilinz  Trtit:i.;n;  of 

P^i^abromotolucne  and  <Hthobrc«noo>hiene,  which  \±  ^aasiILikA  hj 

tlie  direct  bromioation  of  toluene.     After  the  calcnlatal  qTantrtj 

^^^8  been  added,  the  Uquid  is  allowed  xo  cooL  a  ponitjn  of  the 

■^nude  crystallizing  out  in  large,  rhombic  prisma.     The  mottiiT- 

uqnar  is  then  distilled  with  steam  in  which  the  orthr^-  is  more 

*®^y  volatile  than  the  para-compooni      The  latter  can  also 

^'^^^y  be  obtained  in  long,  thicks  transparent  prisms  by  allowing 

"^^^'^e  to  act  upaa  the  mixture  of  bromotoluenes  in  the  sun- 

"8^^^*    Parabromobenzyl  bromide  crystallizes  from  alcohol  in 

^^cedles  which  melt  at  61"*  and  are  volatile  with  steam ;  its  vapour 


'  Beflstem  uid  Kohlberg,  Ann.  CKem.  Pkarm.  cxItL  144,  32^. 
«  nnd.  cL  290.  '  lUd.  299.  *  IHi,  VfL 

'  Field  and  Jackson,  Ux.  ciL 

*  Nenhof,  Ann.  Chem,  Pharm.  cxItlL  345. 

'  Jackson  and  Lowry,  Bcr.  Drutfch.  Ousm.  Qt».  x.  12<>9. 

•  Schramm,  Qnd,  xviL  2922  ;  xviiL  850. 
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has  a  pleasant,  aromatic  odour,  but  attacks  the  eyes,  nose,  and 
throat  very  ^^olentlv.^ 

Parabromobcnzi/l  acetate,  C^H^Br.CHj.0.CjH30,  is  a  liquid 
which  has  a  pleasant  smell  resembling  that  of  acetic  ether,  and 
decomposes  on  distillation.* 

Mdahnynn^nzt/I  bromide,  CgH^Br.CHjBr,  is  obtained  in  a 
similar  manner  to  the  para-compound ;  the  yield  is,  however,  very 
poor.  It  crystallizes  in  plates  or  needles  which  melt  at  41*,  and 
its  va|x>ur  attacks  the  mucous  membrane  violently,  but  has 
a  somewhat  different  smell  from  that  of  the  para-compound. 
It  only  volatilizes  slowlv  in  a  current  of  steam,  but  with  remark- 
able  raj>idity  in  ether  and  tolerably  readily  in  alcohol  It  is  not 
attack^  by  chromic  acid  solution,  but  the  corresponding  alcohol, 
which  h;\s  not  Kvn  further  investigated,  is  oxidized  by  it  to 
metabromoKnizoic  acid.* 

Orfh<^>romi^fKyI  aicoh<^,  C^H^Br.CHj.OH,  crystallizes  firom 
hot  water  in  flat  neeilles,  which  melt  at  80®,  and  readily  volatilize 
with  steam.* 

Orfhi^inmu^nttfl  bromide,  C^H^Br.CHgBr,  is  only  formed  with 
difficulty,  and  has  not  been  obtained  pure,  since  it  decomposes  on 
distillation.  It  is  an  oily  liquid,  which  does  not  solidify  at— 15®, 
volatilizes  with  steam,  possesses  an  aromatic  odour,  and  rapidly 
attj\cks  the  nuicmis  membrane ;  a  drop  placed  on  the  tongue 
causes  sevens  j\'\in.*  Sodium  acts  upon  its  ethereal  solution  with 
formation  of  various  i)roducts,  among  them  being  anthracene : 

P(ira'io(h>f)efizi//  dleohol,  GeHJ.CH5.OH, crystallizes  from  carbon 
disulphide  in  scales  and  from  boiling  water  in  long  needles, 
which  have  an  aromatic  otlour  and  melt  at  71 'T**.* 

Para-iodolHuzi/l  bromuie,  C^jHJ.CHoBr,  is  formed  by  the  action 
of  bromine  vapour  on  heated  para-iodotoluene,  and  crystallizes 
from  alcohol  in  flat,  white  needles,  which  melt  at  78*7^,  possess 
an  aromatic  odour,  and  attack  the  mucous  membrane  less 
violently  than  the  bromobenzyl  bromides.  BoiUng  water  con- 
verts it  into  the  alcohol.^ 

'  Schramm,  Ber.  DnUjtcK  Chcm.  Grs,  viii.  1672 ;  ix.  931. 

-  Jackson  ami  I^owiy,  ibid.  x.  1209. 

=*  Jackson  and  White,  Ajner.  Chem.  Joum,  ii.  815.     *  Jackson,  ibid.  viii.  932. 

*  Jackson,  Ber.  Deut^h.  Chrm.  Oes.  ix.  932. 

«  Jackson  and  MalK-ry,  ibid.  xi.  66  ;  Amer.  Chem.  Joum.  ii.  251. 

'  Jackson  and  Mabory,  loc.  eit. 
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2070  Paranitrobtmyl  alcohol,  C,H,(NO^CHj.OH,  is  prepared 
by  heating  its  acetate  or  oxalate  with  ammonia  to  100°,*  aiiil  by 
the  fiction  of  cauatic  poja  on  panmitrobensHildehydc'  It  cryrtal- 
lizes  from  boiling  water  in  fine,  lustrous,  colourlofls  iieoilleN,  which 
become  coloured  iu  the  air  anil  melt  lit  93°.  On  oxidation  it 
yields  paranitrobenzoic  acid. 

raranitMienzyl  chloride.  CaH,(NOJ.CHjCl  is  obtained,  to- 
gether with  the  ortho-  and  meta-compounds,  by  the  action  of 
concentrated  nitric  acid  on  benzyl  chloride,*  the  chloride  being 
gradually  added  to  the  acid  which  has  been  prcviouiily  cooled  to 
—  15°.*  It  is  also  fonned  by  treating  paniiiitrot<;luono  with 
chlorine  at  185° — 190V  It  crystallizes  from  boiling  alcohol  in 
fine,  white  needles,  or  small,  u:u.' reous  platen,  which  melt 
at  76'. 

An  alkaline  aotution  of  pyrogallol  reduces  it  to  paranitro- 
tohiene.' 

PaTaniiTolensyl  bromide-,  CaH,(NO,)CH,Br,  is  formed  whi-n 
paranitrotohiene  is  heated  to  120° — 130°  with  bromine;  the 
reaction  takes  place  at  70° — 80°  in  the  presence  of  ferrous 
bromide,  which  acts  us  a  bromine  carrier/  On  tho  graihial 
evaporation  of  its  solution  in  a  mixture  of  ether  and  alcohol,  it 
crystallizes  in  thin  tablets,  which  raelt  at  99' — 100°,  It  destroys 
the  skin,  producing  a  bnrning  pain,  and  the  vapour  given  ofi'  by 
ita  hot  alcoholic  solution  attacks  the  inucoiu  membrane  moat 
violently  (Wachendorflf). 

PaTanitrohaizyl  iodide,  C,H,(NOj)CHjI,  ix  obtained  by  heat- 
ing the  chloride  with  potassium  iodide  aud  alcohol ;  it  cryHtallizes 
in  four-sided  tablets,  melting  at  127°,  and  its  vapour  produces 
a  flow  of  tears.* 

ParanUrolxnzyl  nitratf,  OgH,(NO^CHjNO,.  Beilst«?in  and 
Kublberg  prepared  this  compound  by  the  action  of  concentrati?d 
nitric  ai-id  on  the  alcohol,  and  beht-ved  that  it  wan  dinilrobenzyl 
alcohol.  Stsidel  found,  however,  that  it  loses  nitric  ai.id  when 
heated  with  water  to  100°,  and  that  it  yields  paranitrobenzoic 
lund  on  oxidation,'  and  Orth  prepare'l  it  by  luxating  the  chloride 

'  BeOsleiii  anil  Kohlbtfrs.  vfnn.  Chem.  PAarm.  cilTii.  348. 
'  Bulvr,  Bcr.  DtiUjeK  Chem.  Ua.  xrL  27ie. 

•  BoIsteiD  and  GcJtDer,  Anti.  Cfirm.  Pharm.  txiad*.  327 ;  GriniBQi,  Qiid.  cxiv. 
I  <4  :  Abflli,  Ooi.  Chim.  Jlal.  xHl  87. 

•  StnkoKh.  Brr.  DatfeA.  C/irvt.  Oa.  vi.  1058. 

•  WachFiKfrjrfT.  Air.  CA™.  PliaTm.  dxiir.  271. 

•  PcnUnri.  Bcr.  DmlifK  Chan.  Qa.  xviii.   Ref.  160. 
'  Sctwnfflii.  Aiii.    Cknn.   PJtarm.  ccxiii.  177. 

•  Kampr,  Md.  xvii.  107*.  •  IhiiL  xiv.  003, 


101  AROMATIC  COMPOUXDS. 

■with  alcohol  and  ailver  nitrate.'  It  crystallizes  from  hot  water 
in  fine,  white  needles,  and  from  alcohol  in  long,  flat  needles, 
melting  at  71°. 

PamnUrobmzi/l  acclaic,  C,,H,(N0j)CH^.CjH,03,  is  obtained 
by  dissolving  benzyl  acetate  in  well-cooled  concentrated  nitric 
acid  (Beilstein  and  Kuhlberg)  or  by  heating  the  chloride  widi 
potassium  acetate  and  ali-ohol  (Griraaux).  It  crystallizes  from 
hot  alcohol  in  long,  pale  yellow  needles,  melting  at  78°. 

PantniirdbetKyl  oxalate.  (CgHj(NOg)CHj)jCjOj,  was  obtained 
by  Beilstein  and  Kuhlberg  by  dissolTiog  benzyl  osalate  in 
concentrated  nitric  acid ;  on  heating  with  aqueous  ammoQi& 
it  is  converted  into  the  alcohol  ^^ 

2071  J/ctouinA(ij(«// o^coAai,  C(,Hj(NOj)CHj.  OH,  W(i3  prepared 
by  Grimaux,  together  with  metauitrobenzoic  acid,  by  the  actioi 
of  alcoholic  potash  on  melon itrobcnzaldehyde  as  a  thick,  oi^ 
liquid,  which  decomposes  on  heating,  but  boils  at  17S° — 180 
under  a  pressure  of  3  mm.' 

Mdanitrdbenxyl  chloride,  CaH,(NOj)CH,Cl,  ia  formed  by  1 
action  of  phosphorus  pentachloride  on  the  alcohol;  it  crystalliza 
from  hot  petroleum  ether  in  long,  light  yellow  needles,  whid 
melt  at  45° — 47°,  and  produces  painl'ul  irritation  and  burning  a 
the  skin.' 

Orthonitrnhnizyl  alcohol,  C^RJiNO^Cn^.OB..  When 
nitrotoluene  is  given  to  a  dog,  it  appears  in  the  urine  as  ortho 
nitrobenzoic  acid,  and  as  the  urea  salt  of  uronitrotolu{ 
2C,sHisNOb.CO(NHj)3  +  5HjO,  crystallizing  in  long  needle! 
which  aie  very  readily  soluble  in  water,  shghtly  in  cold  alcohd 
and  insoluble  in  ether.  On  boiling  this  with  baryta  water  am 
decomposing  the  barium  salt  formed  with  sulphuric  acid,  «rfl 
nitro/oluic  acid,  CjaHjjNOg,  is  obtained  as  a  ciystalline  mae 
resembling  asbestos,  which  is  e.xtremely  soluble  in  water  an 
alcohol  and  has  a  strongly  acid  reaction.  On  boiling  with  dilufi 
sulphuric  acid  it  decomposes  into  n  syrupy  acid  and  orthonitnt 
benzyl  alcohol;*  this  compound  can  also  be  prepared  by  tlif 
action  of  caustic  soda  on  orthonitrobenzaldehyde."  It  is  slight]^ 
soluble  in  water,  readily  in  alcohol  and  ether,  and  crystallizes 
long,  fine  needles,  which  melt  at  74°,  and  can  be  sublimed, ' 
detonate  when  rapidly  heated. 

'  Kuinpr,  iv.  use.  '  ZeUscKr.  Chem.  1887,  562. 

'  Gabriel  and  IJorgm«im,  Ber.  DcoMi.  Chcm.  Got.  ivi.  2091. 
•  .TafK,  Komv-SeyUT't  ZcilMhr.  ii.  J?, 
'  FriodldnJer  and  Hetiriijues,  Ber.  DntlsrJi.  Ckeni.  Oc*.  xiy.  2S01, 
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Orthoniirolemj/l  chhride,  CgH,(NO^CHjCI,  is  formed,  as 
already  mentioned,  together  with  its  isomerides,  by  the  nitration 
of  benzyl  chloride,  and  was  first  isolated  from  the  product  by 
Kumpt'  It  ia  also  obtained  by  the  action  of  phosphorus  penta- 
chloride  on  the  alcohol.*  It  crystallizes  from  petroleum  ether  in 
large  rhombohedra  melting  at  48° — 49°. 

Orthcnitrobenzyl  iuditie,  Cg'^^fNOJCHjI,  is  prepared  by  heat- 
ing tlie  chloride  with  potassium  iodide  and  alcohol ;  it  forms 
rhombohedral  plates  melting  at  7 j°,  and  its  vapour  causes  a  Sow 
of  tears, 

Orthamidobenzt/l  alcohol,  C6H4{NHj)CH,-OH,  is  obtained  by 
the  action  of  hydrochloric  acid  and  zinc-dust  on  orthonitrobenzyl 
alcohol  in  alcoholic  solution.  It  crystallizes  from  benzene  in 
white  needles,  which  melt  at  82°,  become  coloured  brown  in  the 
light  or  in  the  air,  and  have  a  faint  smell  resembling  that  of 
aniline. 

It  combines  with  acids  forming  soluble,  crystallizable  salts.' 


SULPHUR  COMPOUNDS  OF  BENZYL. 


» 


2073  Bejiipl  hydrosuljJiide,  or  Benzyl  Tru.reaplan,  C^Hg.CHj.SH. 
Marcker  obtained  this  compound  by  heating  benzyl  chloride  or 
benzyl  bromide  with  an  alcohohc  solution  of  potassium  hydro- 
Bulphide.*  Otto  prepared  it  by  the  action  of  benzyl  chloride  on 
potassium  thiosulphate,^  and  Bottinger  by  fiiaiug  thiobenzalde- 
hyde,  CoHj.CSH,  with  caustic  potash,  benzyl  disulphide  and  a 
little  benzoic  acid  being  simultaneously  formed." 

It  is  a  colourless,  powerfully  refractive  liquid  which  has  an 
impleasant  smell  of  leeks,  boils  at  195°,  and  has  a  sp.  gr.  of 
1'058  at  20°;  its  vapour  produces  a  flow  of  tears.  It  gradually 
oxidizes  in  the  air,  more  rapidly  in  the  presence  of  ammonia  to 
benzyl  disulphide ;  an  ethereal  solution  of  bromine  produces  the 
same  effect 

Mercury  benzyl  mercaptide,  (C^yCTl^y^fig,  is  formed  by 
Ltlng  the  hydrosulphide  with  mercuric  oxide  ;  it  crystallizes 

•m    alcohol   in   long,   silky   needles.      Mercuric   chloride,  in 

'  rriedJauder  nnd  Hdnriqucs,  ivti.  1073. 

-  GsbHvl  and  lioTKniann,  Brr.  EWifaeft.  Chtm.  Oes.  xvi.  20S1. 
I  *  Fnodtlinder  aud  IlunriouEa,  ibid,  iv,  210B. 
I  *    -„    m_    »..„_    .-   -,  ,  ZfOs^r.  Chem.  [2]  vL  23. 
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alcoholic  solution,  gives  with  the  mercaptan  a  white  precipitate 
of  CeH5.CH,,S.HgCL 

Lead  benzyl  m^yrcaptide,  (C^^.GH^)^h,  is  obtained  in  small 
yellow  plates  by  mixing  hot,  alcoholic  solutions  of  lead  acetate 
and  benzyl  mercaptan. 

Parachlorobenzyl  hydrosulphide,  CeH^Cl.CHj.SH,  is  formed 
when  parachlorobenzyl  chloride  is  boiled  with  an  alcoholic  solu- 
tion of  potassium  hydrosulphide.*  According  to  Beilstein,  it  is 
obtained  in  lustrous  crystals,  melting  at  84° — 85*,^  while  accord- 
ing to  Jackson  and  White,  it  is  an  oily  liquid  which  possesses  a 
most  repulsive  and  penetrating  odour,  and  solidifies  on  cooling 
in  crystals  which  melt  at  19° — 20°.* 

raranitrobenzyl  hydrosidphide,  CgH^(N02)CH^.SH,  crystallizes 
from  alcohol  in  small,  colourless,  lustrous  plates,  melting  at  140V 

Benzyl  ethyl  sulphide,  CgH5.CH2.S.C2H5,  is  prepared  by  the 
action  of  ethyl  iodide  on  a  solution  of  sodixmi  in  benzyl  hydro- 
sulphide,  and  is  a  transparent  liquid,  which  boils  at  214° — 216°,* 
and  jx^ssesses  a  penetrating  odour  resembling  that  of  ordinary 
mercaptan. 

Orth'^henzyl  thioformeUe,  (CgH5.CHj.S)3CH,  is  formed  when 
an  aqueous  solution  of  sodium  benzyl  mercaptide  is  heated 
with  chloroform ;  it  separates  from  hot  alcohol  in  colourless 
crystals,  melting  at  98°.  When  heated  with  fuming  nitric 
acid  to  250°,  it  is  decomposed  into  benzyl  mercaptan  and 
formic  acid.**^ 

BcTizyl  sulphide,  {Q^^,G^^^.  Marcker  obtained  this  com- 
pound by  heating  benzyl  chloride  with  an  alcoholic  solution  of 
potassium  sulphide.  It  crystallizes  from  hot  alcohol  in  large, 
dazzling  white  plates,  and  from  ether  or  chloroform  in  lai^, 
thick,  rhombic  tablets,®  melting  at  49°. 

On  distillation  it  yields  stilbene,  C^^Hj^,  and  sulphuretted 
hydrogen ;  dibenzyl,  Ci^Hj^,  tolallyl  sulphide,  Ci^Hj^S,  and  thio- 
nessal,  CggH^^S,  are  simultaneously  formed. 

Methyl  iodide  and  benzyl  sulphide  react  even  in  the  cold, 
more  rapidly  on  warming,  with  formation  of  hcnzyldimethyl^ 
sulphine  iodide,  C^^.CRjfyR^^^l,  and  trimethylsulphine  iodide. 


'  Beilstein,  Ann.  Chcm.  Pharm.  cxvi.  347  ;  cxlvii.  346. 

-  Amer,  Chem.  Joum.  it  167. 

^  Strakosch,  Ber.  Dcut  ch.  Chan.  Oes.  v.  598. 

*  Marcker,  Ann.  Chcm,  Pharm,  cxl.  88. 

*  Dennstedt,  Ber.  DciUifch.  Chem.  Ota.  xi.  2265. 

*  Forst,  Ann.  Chcm.  Pharm.  cbcxviii.  671. 
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(CH,)^I.    The  first  stage  of  the  reaction  is  represented  by  the 
following  equation : 

2CH3I  +  (CoHj.CH^jS  =  (Cn^)^+  2C,Hj.CHjI. 

The  methyl  sulphide  then  combines  with  the  iodides  forming 
the  compounds  mentioned.  If  the  product  be  extracted  with 
water,  shaken  np  with  silver  chloride  and  the  filtrate  then 
fractionally  precipitated  with  platinum  chloride,  hcmyl  dimethyl- 
mlpkine  platiniehlori^e,  {C^-^.Cli^{(M^„^\VtC\,  separates  out 
first ;  it  crystallizes  from  water  in  long,  orange-red  needles.' 

Cahours,^  who  has  also  investigated  the  action  of  methyl 
iodide  on  benzyl  sulphide,  gives  the  following  equation : 

3CH3T  +  (C„H,.CH,J,S  =  (CH3)jSI  +  2CeH,.CH,I. 

Benzyl  bromide  and  methyl  sulphide,  on  the  other  hand,  react 
in  the  following  way : 

C,Hj.CH,Br+2(CH3),S  =  CCH,),SBr+CgH5.CH„.S.CH3. 

If  methyl  alcohol  be  also  present,  benzyl  methyl  ether  is 
formed  instead  of  benzyl  methyl  sulphide : 

C„Hs.CH,Br + (CH3),S  +  SCHjOH  = 
(CH^jSBr-l-CoH,.CHj.O.CHs+HjO. 

Bertzyl  oxj/salpkide,  (CuHj.CHj)jSO,  is  formed  by  the  action  of 

I  concentrated  nitric  acid  on  the  sulphide;    it  crystallizes  from 

1  alcohol  in  small  plates  which  have  a  satin  lustre,  melt  at  133°,' 

and   are  converted   into   sulphuric   acid   and   benzoic   acid   hy 

the  further  action  of  nitric  acid  (Miircker). 

Btmyl  disiilpkide.   (C„Hj.CHj)jSj,  is   best   obtained   by   the 

\  action  of  bromine  in  ethereal  solution  on  benzyl  merca])tan,  and 

I  also  formed   when   benzyl   chloride   is  treated   in   alcoholic 

}  solution  with  potassium  disulphide ;  it  crystallizes  from  alcohol 

'  in  small,  lustrous  plates,  melting  at  CG° — 67°.     Nascent  hydrogen 

reconverts  it  into  benzyl  mercaptan  (Miircker).     It  is  decomposed 

aa  heating,  yielding  the  same  products  as  benzyl  sulphide. 

Benxyl  dioxysulfhide,  or  Dii/enxyl  sulphtme,  (CbH5.CHj)jS0j.  is 
formed  in  small  quantity  in  the  preparation  of  potassium  benzyl 

'  ScbdUor,  Ber.  DtuUeh.  Chrm.  (S-i.  vii.  12.4. 

=  Compl.  Rend.  !xi».  1310. 

•  OKoand  r.iidcra,  Her.  Dcutxh.  Cliaiu  Qa.  liii.  l: 
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sulpbonate.'     It  may  readily  be  obtained,  however,  by  c 
benzyl  oxysiilpliide  with  potassium  permanganate  and  glacis 
aoetic  acid  (Otto  and  Liidera) ;  it  is  insoluble  in   water,  i 
crystallizes  from  hot  alcohol  in  flat  needles,  which  melt  at  150°.  1 

2073  Bcniylsniphonic  acid,  C(,Hj,.CHj.SOj.OH.  Biihler  pre- 
pared tliia  compound  by  boiling  benzyl  chloride  for  several 
hours  with  a  concentrated  solution  of  normal  potassium  sulphite, 
the  potassium  salt  obtained  being  converted  into  the  lead  aal^j 
and  this  decomposed  with  sulphurettetl  hydrogen.*  It 
deliquescent  crystalline  mass,  and  is  also  formed  by  the  oxidaUoi 
of  benzyl  disulphide  with  nitric  acid.*  When  it  is  fused  wiU 
caustic  potash,  it  yields  benzoic  acid  (Vogt),  together  with  som 
benzene  and  a  larger  quantity  of  toluene,* 

Fi/tassium  bemtflsulphonate,  CjH5.CHj.SOaK  +  HjO,  crystal-'^ 
lizes  from  hot  water  in  well-developed  rhombic  prisms. 

Barium  HnzylmlphoTuUc,  {G^^.GS^^BO^^o.  -t-  2HjO,  is 
obtained  by  the  addition  of  barium  chloride  to'the.  solution  a 
the  potassium  salt;  it  forms  plates,  which  are  only  slight^ 
soluble  in  water. 

Lead  hensylmlphonate,  (C„Hj.CHs.SOs)^b.  If  the  bariffl 
salt  be  decomposed  with  dilute  sulphuric  acid,  and  the  ' 
filtrate  saturated  with  lead  hydroxide,  the  basic  salt  CgHj.CB 
SOgPhOH,  is  obtained  as  a  lustrous,  crystalline  precipita 
which  is  converted  into  the  normal  salt  by  carbon  dioxide ; 
crystallizes  from  hot  water  in  lustrous  plates. 

Potassium   chlorolenzyhKlphonatc,   CoH.Cl.CHo.SO^K  +  HjO,B 
is  prepared  from  chlorobonzyl  chloride  and  potassium  sulphite, 
and    crystallizes    in   needles;   barium   chloride   added   to   the 
potassium  salt   yields  barium   chlm'ohtnzyhidphoiwie,    (CgH^Cl. 
CHj.S0g)2Ba  +  HjO,  which  forma  colourless  lustrous  crystaU.  1 

When  the  potassium  salt  is  ftised  with  caustic  potash,  ( 
cylic  acid  and  parahydroxy benzoic  acid  are  formed  (Vogt  s 
Henninger). 

Bcmyhulphonie.  chloride,  CaHj.CHj.SO^Cl.  Barbaglia  ende« 
voured  to  prepare  this  compound  by  the  distillation  of  potassiui 
benzylsulphonate  with  phosphoms  pentachloride,  but  only  oW 
tained  benzyl  chloride,  together  with  phosphorus  oxycbloridi 
and  some  thionyl  chloride.*  In  ori^ler  to  prepare  it,  the  pota 
sium  salt  is  treated  with  an  equal  weight  of  phosphorus  cidorii 

'  Vofit  nnil  HcnninKBT,  Ann.  Chcm.  Pharia.  c\nv.  375. 

'  Bflrbns'ia,  Ee>:  DciUsch.  Chan.  Ga.  v.  687. 

*  Otto,  ibid.  xiii.  12S3.  '  Ibid.  v.  270, 
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^^f  uid  iLe  mixture  gi:utly  warmed  until  the  reoctiou  is  complete. 
\        The  product  is  then  washed  with  water  and  the  residue  crystal- 
lized from  ether.      Benzenesulphonic  chloride  forma   colourless 
I         prisma,   which  melt   at    92°    and    are   decomposed    when  more 
JJBtrocigly  heated  into  benzyl  chloride  and  sulphur  dioxide ;  it  is  con- 
ertoi  by  ammonia  into  henzylmlphonamide,  C0H5.CHj.SOj.NHj, 
Irliicii  crystallizes  from  water  in  prisms  melting  at  105°,^ 

MTobtnzylmlpkonic    arid,   CgH.fNOjjCHj.SOjH,   is    formed 

py  tlie  acUon  of  fuming  nitric  acid  on  barium  benzyl  sulphate. 

mixture  is  thus  obtained  which  contains,  together  with  the 

Bi-conipound,  a  little  of  the  orthonitro-acid  and  the  dinitro- 

iciJ,  which  cannot  be  completely  separated.     On  boiling  with  a 

■  toijitnre    of  nitric    and    sulphuric    acids,  dlnilTohenjnfltuIpkonic 

'\  CjH3(N0j),CHj.S0gH.  is  obtained;  it  forms  salts,  which 

l^wystallize  well.     On   reduction   it  is  converted  into  diamido- 

\^!/hulplion.ic  acid,  CsHs(NHj)gCHi.SOjH,   which  ciystallizca 

I  from  hot  water  in  ailky  needles.* 
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2074  Benzyl  sclcnide,  (C„Hj.CHj)jSe,  is  prepared  by  treating 

F'ospliorus  pentaselcnide  with  alcoholic  soda  solution  in  absence 

WW  air,  and  heating  the  sodium  selenido  thus  forrae<l  with  benzyl 

ihloride  to  the  boiling  point  of  the  latter.     When  the  solution 

f*^ls,  benzyl  selenide  separates  out  first  and  then  some  benzyl 

rdiselenide.   which    is    separated   by   recrysttillization   from   hot 

fhol.      Beiizyl   selenide  crystallizes  in    long,   white   neeflles 

transparent  prisms,   which    have   a    faint  aromatic    odour 

"*<i  taejt   at  455°.     Like  methyl   selenide,   it  combines    with 

^Jds  fonning  unstable  salts. 

^H^  -"emj/l  diseUnide,  [G^^.Oii^^Q^,  is  obtained  by  boiling  crude 

^Hr^Um  selenide,  prepared  by  igniting  sodium  selcnite  with  char- 

^^^T^.  witli  alcohol  and  benzyl  chloride.     It  ci-ystallizes  from  hot 

^^r^'l«l  in  straw-yellow,  fatty  scales,   which   melt  at   90°  and 

"«Qome  coloured  red  in  the  simlight.     Nitric  acid  oxidizes  it 

"Knsylstlenic  and,    C,Hj.CHj  SeOjH,    crystallizing    from    hot 

^X  in  nee<lles  which  when  impure  pos-iiess  a  most  impleasant 

-      ^U,  which  is  not  nearly  so  strong  in  the  pure  compound.     It 

^  Strong  acid. 
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When  benzyldiselenide  ia  digested  for  some  days  with  methyl 
iodide,  a  black  mass  ia  obtained  which  is  a  mzxtore  of  henzjl 
ioriirle,  trimethylselenine  iodide  and  hewnfUtTneikifUeUniiu  iri- 
iodide  : 

(CJI^CHj),  Se,+5CH,I  = 

(Ifi^Xm^  +  (CH,,VSeI + C,H,.CH^C?H3)^I,. 

The  lattf;r  crystallizes  from  hot  alcohol  in  black,  heavy  needles 
which  have  a  metallic  lustre,  melt  at  65"*  and  possess  a  repolflve 
(AawT.  Tliey  commence  to  sublime  below  lOCT,  and  thdr 
vafioiir  attacks  the  eyes  violently.  If  the  alcoholic  solution  be 
irf*Aic<l  with  silver  nitrate,  the  excess  of  silver  removed  by 
hydrochloric  acid  and  the  filtrate  then  treated  with  platinum 
chloride,  a  jirecipitate  of  {C^^.CVl^{CE^^\  PtCl«  is  obtained 
consisting  of  microscopic,  yellow,  quadratic  plates.^ 


NITROGEN  BASES  OF  BENZYL. 

TuE  Benzylamines. 

2075  (^'Wmizzaro  states  in  his  first  paper  on  the  alcohol  of 
lxni/^>i(!  acid,  that  when  the  ethereal  chloride  prepared  fix>m  it  by 
the  a(;tion  of  hydrochloric  acid  is  treated  with  alcoholic  ammonia, 
a  Um^  whi(!h  differs  from  toluidine  is  formed  (p.  89).  Three 
yoarw  hiUM  h(5  found  that  this  is  tribenzylamine,  {fi^^)^}  In 
th(i  yrar  1862,  Mcndius  made  the  important  discovery  that  the 
iiitrilw  of  the  fatty  acids  combine  with  hydrogen  to  form  amines, 
II  nd  that  thoHo  of  the  aromatic  series  behave  in  a  similar  manner, 
inastini(!h  as  iHiiizonitril,  C7H5N,  yields  a  powerful  base,  CyH^N, 
whi(^h,  however,  is  not  identical  with  toluidine,  "  as  might  have 
boon  (»xiM»ci<j<l  from  the  hitherto  accepted  views  as  to  the  re- 
laiiotm  of  ih(!  liasi^s  homologous  with  aniline  to  the  corresponding 
tiH'tnlH^rH  of  ih(?  iMtnzoic  acid  series,"  but  differs  both  from  it  and 
ihn  im)iii<Ti(!  nidthylanilinc  in  its  properties.  It  also  appeared 
to  liiiii  itnprobablo  that  it  was  identical  with  the  lutidine  con- 
tained in  r4Mil-tar  oil ;  he,  therefore,  decided,  in  the  absence  of  a 
careful  comparison  Iwtwcen  the  two  substances,  "to  introduce 

*  lioring  Juckann,  Ann,  Chem,  Pkarm,  clxzix.  8. 

*  Jahr<»b.  1850,  682. 
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the  base  prepared  from  benzonitril  into  scientific  literature  as  a 
new  compound  and  to  denote  it  by  a  new  name."  ^  Two  ye&rs 
later,  Cannizzaro  published  a  paper  od  "  The  Amines  of  Benzyl 

KJcohol "  in  which  he  says  "  Toluidine,  CjH^N.  is  generally  looked 
pon  as  the  primary  beozylamine.  I  have  obtained  results  which 
o  not  agree  with  this  supposition."  He  found  tbat  the  primary 
benzylamiue,  which  he  had  prepared  from  benzyl  cyanate  (benzyl 
isocyanurate),  is  a  strong  base  resembling  ethylamine  and  amyla- 
mino  in  ita  properties.  He  also  obtained  it,  together  with  dibenzyl- 
amine  and  tribeuzylaraine,  by  heating  benzyl  chloride  with 
alcoholic  ammonia,'  and  described  the  separation  of  these  bases 
and  the  properties  of  benzylamine.'  In  order  to  prepare  the 
latt«r,  a  mi.iture  of  benzyl  chloride  and  alcoholic  ammoaia  is 
allowed  to  stand  for  some  days ;  a  portioo  of  the  tribenzylamioe 
separates  out  in  crystals,  and  a  further  quantity  ia  left  behind 
^when  the  alcohol  is  removed  from  the  filtrate  by  distillation 
the  residue  treated  with  hot  water.  The  solution  is 
[1  evaporated  to  dryness,  and  the  most  soluble  portion  of 
;  residue,  consisting  chiefly  of  benzykmine  hydrochloride  is 
ieparated  by  fractional  crystallization.  This  is  then  decomposed 
■  caustic  potash  and  the  base  allowed  to  remain  in  contact 
irith  some  solid  potash  in  order  to  dry  it,  and  at  the  same  time 
avoid  exposure  to  carbon  dioxide.  It  is  then  purified  as  much 
as  possible  by  fractional  distillation  and  treated  with  dry  carbon 
dioxide ;  a  solid  compound  is  formed  which  is  washed  with 
anhydrous    ether    to    remove    the    last    adhering    traces    of 

idibenzylamine.  The  residue  is  then  converted  into  the  crystal- 
ttzed  hydrochloride  and  the  pure  base  finally  liberated  by  caustic 
^tasb. 
-  According  to  Limpricht,  the  base  is  prepared  by  heating 
I  benzyl  chloride  with  a  solution  of  ammonia  in  commercial 
absolute  alcohol  for  twenty-four  hours  in  a  steam  bath  and  re- 
moving free  ammonia  anil  the  largest  portion  of  the  alcohol  by 
istillation.  The  residue  is  treated  with  water  to  precipitate 
the  mixed  bases,  which  ore  then  dissolved  in  alcohol  and  treated 
with  hydrochloric  acid,  the  acid  solution  being  allowed  to  cool 
gnulually.  Tribenzylaniinc  hydrochloride  separates  out  in  prisms 
or  needles,  and  a  mixture  of  this  salt  with  plates  of  dibenzyl- 
unine  hydrochloride  is  obtained  by  the  concentration  of  the 
I  mother-liquor ;  the    residual    liquid  after    repeated  evaporation 

'4m-  Chan,  PAorm.  cixi.  Hi.     '  Jbid.  cixxiw  128.     *  Ibid.  Supp].  iv.  21. 
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to  n  synip,  solution  in  hot  water  and  reooncontration,  yiel 
benzylamine  hydrochloride.  The  water  employed  for 
precipitation  of  the  bases  contains  some  benzylamine,  whic^ 
may  be  extracted  by  saturating  the  liquid  with  hydrochloti 
acid,  evaporating  to  dryness  and  extracting  witli  hot  absoluU 
alcohol,  which  leaves  ammonium  chloride  undissolved.  Tin 
hydrochlorides  of  di-  and  tri-benzylamine  are  purified 
re-crystallization  from  water  or  alcohol. 

The  primary  base  is  always  present  in  the  smallest  quantity 
while  the  relative  amounts  of  the  other  two  are  very  variable 
sometimes  a  large  quantity  of  tribenzylamine  is  formed  wi^ 
only  traces  of  dibenzylamiue,  while  in  other  cases  the  relaticf 
is  the  inverse  of  this. ' 

2076  Btmylamine,  CgHB.CH^NHj.  Mendius  obtained 
compound  by  treating  benzonitril  in  alcoholic  solution  with  zinc 
and  hydrochloric  acid,  freeing  the  solution  from  alcohol  and 
imattacked  nitril  by  distillation,  saturating  the  residue  witl 
caustic  potash  and  extracting  the  benzylamine  with  ether. 
ethereal  solution  is  then  treated  with  hydrochloric  acid, 
benzylamine  hydrochloride,  which  is  obtained  on  evaporatio 
the  solution,  re-crystallized  from  absolute  alcohol  and  the  pui 
base  then  set  free  by  caustic  potash. 

Hofmann  obtained  benzylamine  by  the  action  of  zinc  antf 
hydrochloric  acid  on  thiobenzamide,  CgHj.CS.NH,,*  which  is 
formed  by  the  direct  combination  of  sulphuretted  hydrogen  with 
benzonitril : 


C(;H5.CS.NHj-|-  4H  =  CoH5.CH,.NH,  -|-  H,S. 

Both  these  methods  are  tedious,  and,  like  the  preparation  fro 
benzyl  chloride  and  ammonia,  only  give  a  small  yield.     Benzyl^l 
amine  can,  however,  he  readily  prepart'd  in  large  quantities  1 
heating  benzyl  chloride  with  an  equivalent  amount  of  silv< 
cyanatc,  until  the  violent  reaction   has   ceased;  a  mixture  « 
benzyl  iaocyanate  and  benzyl  isocyannrate  is  formed  and  aftecl 
distillation  is  re-distilled  over  caustic  potash.    The  product  thus 
obtained  contains  some  di-  and  tri-benzylamine,  since  the  mix- 
ture of  isocyanates  always  contains  some  benzyl  chloride.    These 
can  be  removed  by  converting  the  whole  into  the  hydrochloi 
or  by  exti-acting  the  benzylaminf  by  shaking  out  with  t 
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It  is  thee  coDverted  into  the  Lydrochloride  which  is  decomposed 
by  caustic  potash,  and  the  base  dried  over  solid  potash  and 
redistilled. ' 

It  can  also  be  readily  obtained  by  decomposing  bonzylacet- 
amide,  CjHf,.CHj.NH.(CjH30).  which  is  prepared  by  the  action 
otbeiizyi  chloride  on  acetaniide,  with  alcoholic  potash.* 

Another  simple  method  of  preparation  has  been  found  by 
Hofmann.  On  heating  benzyl  chloride  with  potassium  cyanide, 
jilienjlftcetonitril,  CflH5.CHg.CN,  is  obtained ;  when  water  is 
added  to  a  solution  of  this  compound  in  concuotratcd  sulphuric 
acid,  phenylacctamide.  C^H5.CHs.C0.NHj  is  precipitated.  This 
is tben  treated  with  a  molecule  of  bromine,  a  5  per  cent,  solution 
uf  four  molecules  of  caustic  potash  added  with  continual  agita- 
lion  Mid  the  liquid  heated  by  a  current  of  steam  :  a  mixture  of 
"enzylimiine  and  brominated  benzyiamine  distils  over,  which  is 
WiTertod  into  pure  benzylamine  when  allowed  to  stand  for 
sijme  tiDie  over  sodium  amalgam,  all  the  bromine  being  replaced 
l>r  hvdmgen,' 

Hijfinann  has  shown  that  the  amides  of  other  monobasic  acids 
tan  readily  be  converted  by  this  reaction  into  amines  containing 
"tie  atom  of  carbon  less  in  the  molecule.  He  has  carefully 
lavestigated  the  course  of  the  reaction  iu  the  case  of  acetamide, 
™d  finds  that  acetbromamide,  CHj.CO.NHBr,  is  first  formed. 
*"«  tiiat  this  loses  hydrobromic  acid  with  formation  of  methyl 
i*Xy^ate.  which  assumes  the  elemeuts  of  water  and  splits 
"P  into  carbon  dioxide  and  mcthylamine. 

Benzaldehyde,  which  is  now  a  cheap  commercial  product,  can 
™'*  W  readily  converted  into  benzylamine.  It  combines  with 
Jdrocyanic  acid  to  form  phenylhydroxyacetonitril,  CgHfi.CH 
^  flj]C'N,  which  is  converted  by  treatment  with  alcoholic 
^'nouia  into  phenylamido-acetonitril,  CaH5.CHCNH()CN. 
^  boiling  this  with  dilute  sulphuric  acid,  phenylamido- 
^tic  acid  is  fonned  and  decomposes  into  benzylamine  and 
'^oon  dioxide  on  distillation.  These  products  of  decom- 
^"ion  recombine  to  some  extent  forming  benzylamraoninra 
,  "^Icarbamate  (p.  114),  which  is,  however,  readily  decomposed 
^  Mkatis.       PNire    benzylamine    hydrochloride    may    also    be 

»^'iiiied  by  treating  the  distillate  with  hydroc^hloric  acid,'' 
■^operties. — Benzylamine  is  a  colourless  liquid  which  has  a 
j  Slrahouli,  Scr.  Deuttck.  Chem.   Oa.  v.  002. 

'  Tludolph,  ibid.  lii.  12S7.  '  Ibid,  xviii.  2731. 

Friedlander  uud  TiemanD,  ihid.  xlv'.  19B9. 
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characteristic,  faint,  aromatic  odour,  does  not  become  coloured 
in  the  light,  boils  at  185°  and  has  a  sp.  gr.  of  0*990  at  14**. 
It  is  soluble  in  water  in  every  proportion,  but  is  insoluble 
in  strong  alkalis,  and  is  therefore  precipitated  by  caustic 
potash  from  its  aqueous  solution.  It  has  a  strong  alkaline 
reaction,  fiimes  with  hydrochloric  acid  and  rapidly  absorbs 
carbon  dioxide,  so  that  a  drop  exposed  to  the  air  is  soon 
converted  into  small,  silky  needles  of  the  carbonate.  It 
combines  with  benzyl  chloride  to  form  dibenzylamine  hydro- 
chloride. 

Bcnzylamim  hydrochloride^  C7H7NH3CI,  forms  quadratic 
tablets,  very  soluble  in  water  and  alcohol ;  its  platinichloride 
is  a  granular,  crystalline  precipitate. 

Benzylamine  nitrite,  C7H7NH3.NO2,  is  obtained  by  shaking 
the  hydrochloride  with  silver  nitrite  and  ether.  It  is  extracted 
from  the  silver  chloride,  which  is  simultaneously  formed,  by 
cold  absolute  alcohol,  and  is  deposited  on  the  evaporation  of 
this  solution  in  well-formed  crystals,  which  decompose  with 
evolution   of   nitrogen  when   gently  warmed.^ 

Benzylammonium  icnzylcarhamate  is  formed  by  the  com- 
bination of  benzylamine  with  carbon  dioxide  : 

.0NH3(CH,.CeH,) 
CO, + 2NHj.CH,.CeH5  =  C0< 

It  is  readily  soluble  in  water,  volatilizes  when  the  solution  is 
boiled,  and  crystallizes  from  alcohol  in  small,  lustrous  plates 
which  melt  at  99**. 

2077  Dibenzylamine,  (CgH5.CH2)2NH,  is  a  thick  liquid, 
which  has  a  sp.  gr.  of  1*033  at  14°  and  is  insoluble  in  water,  but 
readily  soluble  in  alcohol.  When  a  small  quantity  is  rapidly 
heated  it  distils  unaltered  at  above  300°,  but  on  gradual  distilla- 
tion it  is  decomposed  with  formation  of  ammonia,  toluene, 
dibenzyl,  C14H14,  stilbene,  Ci^Hig,  lophine,  CgiHigNj,  and  other 
bodies.^  When  heated  to  260°  in  a  stream  of  hydrochloric  acid, 
it  gradually  and  incompletely  decomposes  into  benzyl  chloride 
and  benzylamine  hydrochloride,  while  at  100°  it  combines  with 
benzyl  chloride   forming  tribenzylamine.     On   treatment  with 


'  Curlius,  Ber.  DciUsch.  Ch-cm,  Ga*,  xvii.  968. 
*  Brunner,  Ann.  Chcm,  Pharm,  cli.  131. 
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id  K  brge   quantity  of  vtAx^r,  it  d«:oinpusi^a   iiiUi 
e  Mid  benzaldehyile : 

(C,Hs.CHj),NH  +  H,0+Br,= 
C^Hj.COH+CoH,.CHj.NH,+2HBr. 

Iodine  has  a  similar  nctioii  1>iit  reqiiirox  a  k'tiiiH^<mtiiro  of 
k40'  (Limpricht). 

JUbauiflamine      hydme/ihiriiii;      (CrH,),NH,Cl.     is     rwidily 

lable  in  hot  water  and  alcohol,  btit  much  losn  freoly  in  tho 

I.  and  OTStallizes  in  large,  flat,  prismo,  or,  whon  iU  nlcoholic 

1  is  rapidly  cooled,  in  thiu  pliiU's,     'I'lii!  liydroltrorniilo 

1  hydriodide  are  very  simitar. 

D&^mylamine  nitrate,  (C,H,),N]t,.NOj„  is  1.>m  Bohiblu  than 

e  other  salts  and  crystallizes  iu  ttat  noclk-s  or  ]iri8i[iii. 

TribeTtxylaviine.  {C^Ylf.CH^)^^,  ia  also  formod,  together  with 
other  bodies,  when  benzalilehydo  is  (froilimlly  luiaUid  t«  18(1' 
with  ainmoDium  format«.  Fomianiide  is  tho  first  ])rodtiot  aittl 
iJecotnposes  into  carbonic  oxide  and  ammonia,  which  thon  lu^t 
upon  the  benzaliiehyde : 

SCgHj-COH +3C0  +  NIIj  =  (0,H,.CH  j);.N  +  3(^0,. 

This  is  the  most  convenient  inothod  for  tlio  pnn Miration  of 
tribenzylamine,  100  grms.  of  bcnzaldchyJo  yirldin^  40  grind. 
of  the  pure  product.'  It  la  slightly  Boluhlo  in  cold  alcohol 
and  crystallizes  from  a  hot  Bolution  in  noudlos,  platuo,  or 
monoclioio  tablets  (Panebianco)  melting  at  1)1°.  Hmall 
quantities  can  bo  distilled  without  decomposition,  but  lurgur 
qnantities  split  up,  yielding  the  same  products  as  the  secondary 
base.  It  also  resembles  the  latter  in  its  behaviour  towards 
bromine  and  iodine,  bonzaldehydo  and  dihi^n/.ylamini)  buiiig 
formed.  When  its  hydrochloride  is  heated  to  liflU"  in  a  stniain 
of  hydrochloric  acid,  it  docomponea  int.fi  benxyl  chlorido  and 
dibenKylamino  Iiydroehloride,  while  Liuith  obtained  honnyl 
chloride  and  ammonium  chlorido  by  treating  tho  free  base  in  a 
sunilar  manner  at  180°'.  It  does  not  combine  with  benzyl 
chloride,  and  hence  no  tetrabenzylammonium  chloride  ia  formed 
ia  itfl  preparation  from  benzyl  chloride  and  ammonia;  it  com - 
bines  with  ethyl  iodide,  liowe\'er,  on  heating  to  form  a  crystal- 
lized compound,  which  does  not  yiehl  a  hydroxide  on  treatment 
with   silver  oside,  but  decomposes  into  its  constituent*,  ■     It 

'  Uacknrt,  Hrr.  rinilwh.  Chem.  Oen.  iviii.  BSIl. 


AROMATIC  COMPOUNDS. 

I  forms  a  crystallized  compouud  whea  lieated  with  methyl 
sulphate  to  100°.' 

The  Baits  of  tribenzylaniine  have  been  crystallt^raphically 
investigated  by  Panebiaiico.* 

Trihenzylamine  hydroc)doride,  (CTKj)gNHCl,  is  slightly  soluble 
ia  cold  alcohol  and  water,  and  crystallizes  from  ks  hot  solution 
la  quadratic  prisms.  It  decomposes  above  270°,  a  large  quantity 
iif  toluene  being  formed  (Robde).  Tlie  platiiiichloride  crystal- 
lizes io  orange-coloureil.  inonoclinic  needles. 

Tribrmylamine     niirak,     (CjHj)3N  HNO,,     forms     rhombic 
crystals  which  are   insoluble  io  water  and  slightly  soluble  iu       -^ 
[  alcohol. 

Trihensylfimine.  sulphate,    {C,H,1jNH)jS0,,  forms  nionoclmic=r:rz=i 

I  crystals,  is  insoluble  in  water,  slightly  soluble  in  alcohol,   and-^^^B. 

combines  with  aluniiuium  sulphate  forming  tribenzylammouiu!ii^r-__:m 

alum,  (CnHjjN)jAl^(.SO,)j  +  24It,0,  which  is  deposited  in  r^iila^_r 

I  oystals  and  is  soluble  in  water  but  not  in  alcolioL 

mtrosodibcmylamine.   (Cjilj%lS(T^O).     Robde   obtained  thi:  -is 
I  compound,   together  with  benzaldehyde,   by  distilling   a   rnii  ^  i 
'  centrated    alcoholic    solution    of    tribeuzylamine    with    nltri  .^kic 
I  acid: 

/CH,C.H,  ^^ 

'—NO        +  coH.c,H.+H,c;:»o. 


i 


/CH,.C,H. 


\cHj.CbH5 


It  is  readily  soluble  in   akohol  and  ether,  and  crystallizes  S:       w 

quadratic  tjtblets,  melting  at  52°;   it  does   not  combine  wit* -»''' 

acids,  and  is  convert.ed  into  dibcnzylamine  by  the   action  •  "' 

nascent  hydrogen  or  hydrochloric  acid. 


AMIDO  SUBSTITUTED  BENZYLAMINES. 

2078  Duthylbtnzjjhminf,  C„H^.CHs.N(0,HJj,  ia  obtained  l*^  ^y 
heating  benzylamine  with  ethyl  iodide,  or  benzyl  chloride  wir^^'i'^' 
diethylamine.  It  ia  a  transparent,  oily  liipiid,  which  boils 
211° — 212°,  and  combines  with  ethyl  iodide  on  heating  wi  -£^ ""'' 
formation  of  trielhylhenzfiUnmnoniuvi  iixliile,  N(C„Ha.CI€-":=^;' 
(Cjnj,\I,  which  can  also  bo  prepared  from  benzyl  iodide  a: —*"'' 
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trietliylamine,  and  forms  large,  colourless  crystals,  which  are 
readily  soluble  in  water;  on  dry  distillation  it  is  decomposed 
into  trietliylamine  anil  benzyl  ioiUde,  wliUe  it  is  not  attacked 
Tflien  heated  with  concentrated  hydriodic  acid.^  When  ioiline 
lis  added  to  it  in  alcoholic  solution,  the  periodide,  N(CgH5.CHj) 
^jHj)jIj,  separates  out  in  black-blue  monoclinic  prisms,  which 
iave  a  metallic  lustre. 

[  EthyldU)auziilamiiie,    {C^^.CK^^C^^.    was    obmmed    by 
oipricht  from  ethyl  iodide  and  dibenzylamine  j  it  is  an  oily 
liquid. 

DUthyldxhenzylammmivm  iodide,  {CTA^.CB.;jIC^7{^)^\,  is 
formed  by  the  combination  of  diethylbenzylamiiie  with  benzyl 
iodide.  It  crystallizes  from  hot  water  in  needles  possessing  a 
tlianiood  lustre  ;  when  it  is  distilled  with  hydriodic  acid,  benzyl 
iodide  is  liberated  (V.  Meyer). 

£eazylp/itnylajiLi7ie,  or  Bemylaniline.  C^^C^^^{G^^\l,  is 
formed  when  benzyl  chluride  is  heated  with  aniline  to  100°. 
TYxe  free  base  crystallizes  from  hot  alcohol  in  four-sided  prisnis, 
meiUng  at  32*.*  It  may  also  be  obtained  by  the  action  of 
liydrochloric  acid  and  zinc-dust  on  thiobenzanilide,'  CgH5.CS.N 

(<!:;, H,)a 

-BemylphenyUHiiutkylammmiium     chloride,     (CbHj.CHjICoHb 

(CTB,),NCI.   is  readily   formed   by   the   direct  combination   of 

l>^iizj]  chloride  with  dimethylaniline.     It  crystallizes  from  water 

O'*^    iilcohol  in  tablets,  which  melt  at  110°,  and  is  split  up  into  its 

c<3.ustituents  by  distillaUon.     It  is  not  decomposed  by  bailing 

'WT-th  water   and   silver  oxide,  but   it«  decomposition    may  liu 

e  firecl,e<l  by  employing  silver  sulphate.     If  the  sulphuric  acid  be 

r^srooved  by  baryta  water  from  the  solution  thus  formed,  and  the 

titrate  concentrated,  the  hydroxide  is  obtained  as  a  strongly 

^■lltalme,  syrupy  mass,  which  is  converted  into  the  carbonate  in 

the  air.     On  distillation  it  decomposes  sraootlily  into  diinethyl- 

^■^'iline  and  benzyl  alcohol.*  while  tetra-ethyl ammonium  hydroxide 

binder  similar  conditions    yields   trietliylamine,   ethylene  and 

Water. 

Hfiayldiphenylamine,  C^^.C\\^.^{Qt^^.^,  is  formed  when 
•iiphenylbenzothiamide,  CoH5.CS.N(CaHJj,  is  treated  with 
''ydrocldoric  acid  and  zinc-duat.     It  crystallizes  from  hot  alcohol 

'  l*ienbiirg  BQci  Stnive,  Ber.  Deutsch.  Cfiem.  Ge-i.  x.  *3  ;  Ladenbutg,  ibid.  x. 
«'.  1!5S.  1B31 ;  V.  Meyer.  Hid.  x.  309,  B«».  1291. 
Floucher,  Jnii.  Chem.  Pharm..  —-".■"■*  •"> 
,  Dwnthsen  and  Trorajiettor,  ^tt 
Michletand  Gradmsnii,  ibid,  i 
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in  long  white  needles  which  melt  at  87°,  and  does  not  combine 
with  acids  (Bemthsen  and  Trompetter). 

IHbenzyltolylamine,  (G^U^.GIL^^^^e^A'^^Z'  '^^^  base,  which 
is  also  known  as  dibenzyltoluidiTie,  was  prepared  by  Cannizzaro 
by  heating  paratoluidine  with  alcohol  and  benzyl  chloride.  It 
crystallizes  from  hot  alcohol  in  very  fine  needles,  melting  at 
54*5° — 55^  and  is  a  weak  base ;  it  diflfers  from  the  isomeric 
tribenzylamine  in  forming  salts  which  are  decomposed  by  water.^ 


78-5" 


SUBSTITUTION   PRODUCTS   OF  THE 

BENZYLAMINES. 

2079  These  are  formed  by  the  action  of  ammonia  on  the 
corresponding  haloid  ethers. 

Halogen  substitution  products.  These  compounds  are  strong 
bases  and  form  crystalline  salts ;  the  primary  compounds  absorb 
carbon  dioxide  from  the  air. 

MeltiDg-point. 

^i'^tW  }CaHACH,NH,   liquid     .    . 
WylamTeV  }  (WCl.CH^.NH.  crystals  .    .  29° 

Pamtrichloro-    |  (c,H,CI.CH^3N.     [  '''^^'"^^'^  I 
benzylamine,*  j  '^   «    *  2/3    >      ^  pnsms  ) 

Paratribromo-   )  ,r.  rr  t>  /~itt  n  -kt 
benzylamine,'  }  (96H4Br.CH,)3N,    pnsms    .    . 

^^^j;;fmine«  }  CaH,I.CH,NH„     liquid     .    . 
te^llmL/  }  (CeH.I.CH^,NH.    .cedles  .    .  76 

te^yk^ne/}  (<='««*ICH^='N'       'needles..  114-5 

W^tr ;»  }  C«H,Br.CH,NH,  liquid     .    . 

^  Ann.  Chem,  Pharm.  Suppl.  iv.  80. 

*  Berlin,  Ann.  C?iem.  Pharm.  Suppl.  cli.   137  ;   Jackson  and  Field,  Amer 
Chem.  Joum.  it  95.  *  Ibid.  *  Ilnd. 

*  Jackson  and  Iiowry,  Per.  Daitsch.  Chem.  Ges.  x.  1211. 

*  Jackson  and  Malwry,  Amer.  Chem.  Joum.  ii.  257. 

^  Per.  DciUsch.  Chem.  Oe^.  xi.  58.  ®  Ibid, 

^  Jackson  and  White,  Amer.  Cfunn.  Joum.  ii.  317. 
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SITBOBENZYLAMINES. 


Orthodibromo-  1 
benzylamine,'  J 

Orthotxibroroo- " 
benzylamino,'    '_ 


(C.H.B,.CH,),NH|*omhi=| 


Maltiug- point. 
36" 


(C,H,Br.CHJ,N.     cryjUUs  .    .      121-5"— 122* 


» 


PaTaniirobensylwniines  have  been  prepared  by  Strakosch  by 
beatiug  paratiitrobenzyl  chloride  with  nqueoua  aiiniiuiiia  to 
100^  Tlie  primary  base  could  ucit  be  isolated ;  tho  socoitdary 
base  combines  with  acida,  wliile  the  tertiary  does  not,  thus 
reDderiiig  the  separation  of  these  two  a  matter  of  no  difficulty." 

ParadinUrobtn^lamine..  (C^H/NOJCHJ^NH.  crystallizes 
from  hot  alcohol  in  largo,  yellowish,  lustrous  plates,  niultiiig 
at  93°;  its  hydrochloride  forms  lustroua,  yellow  prisms,  which 
are  only  slightly  soluble  in  water  aud  alcohol,  while  ita  platini- 
chloride,  which  crystallizes  in  yellow  needles,  is  almost  insoluble. 

ParatriniirobcToylamine.  (CaH:/NOj)CHj)„N,  is  slightly 
soluble  in  hoc  alcohol,  readily  in  glacial  acetic  acid  and  nitro- 
benzene, and  crystallizes  in  lustrous,  white  needles,  which  melt 
at  163°,  Eknd  possess  a  pleasant  odour. 

ParanUrobenzi/lpkcnylaminc,  CoH,(NOj)CH..N(CeHs)H,  is 
formed  by  heating  parimitrobenzyl  chloride  with  aniline;  it 
crystallizes  from  Iiot  alcohol  in  pointed,  lustrous,  yellow  needles. 
Its  hydrochloride  crystallizes  from  hot  hydrochloric  acid  in  small 
lustrous  plates  which  are  decomposed  by  water  with  separation 
of  the  base  (Strakosch). 

Mttanitrdbenzylamines.  Aqueous  ammonia  converts  meta- 
nitrobenzyl  chloride  inl^  the  secondary  and  tertiary  nniiiicB, 
while  in  the  presence  of  alcohol  only  the  former,  together  with 
a  small  quantity  of  the  primary  base,  is  forme<i.* 

Metanitrobemylamiae,  CeH^(NO,)CHj.NH,,  is  a  yellow,  oily 
liquid,  which  becomes  solid  in  the  air  from  aljsorirtiun  of  carbon 
dioxide.  Its  oxalate  crystallizes  in  needles,  which  arc  oidy 
■lightly  soluble  in  water. 

Mftadinitrohensylamine  crystallizea  from  alcohol  in  small 
yellow,  rhombic  pktes,  melting  at  87°.  Its  hydrochloride  and 
platinichluride  are  only  slightly  soluble  in  water. 

MetatrinilroiieTuylamine  is  slightly  soluble  in  alcohol,  more 
(eadily  in  benzene,  and  forms  monoclinic  prisma,  melting  at 
162*.     It  does  not  combine  with  hydrochloric  acid. 

Metaniirotenzfflpki'vylaTiiiTie  is  formed  by  the  jictioti  of  aniline 
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AROMATIC  COMPOUNDS. 


on  metanitrobenzyl  chloride.     The  hydrocWoride,  which  is  thu 
obtaiaed,  forms  small  white,  lustrous  plates.     It  is  decompi 
by  water  with  fomiation  of  the  base,  which  crystallizes  in  loi^ 
orange-red  needles,  melting  at  86°, 

Amidobenzylamines  are  obtained   by  the   reduction   of 
uitro-com pounds  with  tiu  and  hydrochloric  acid, 

Faradiavtidobenzylamine.  {CgH.(NHJCH^,NH,  i 
soluble  in  hot  water  and  alcohol ;  it  crystallizes  in  needles  with  i 
satin  lustre,  or  in  plates  which  melt  at  106°,  and  volatilize  withouf 
decomposition  when  more  strongly  heated.  The  hydrochloride 
(C„H^(NH,Cl)CHj),NH,CI,  is  readily  soluble  in  water,  sUghtif 
in  hydrochloric  acid,  and  crystallizes  in  small  white,  lui 
plates ;  the  platinichtoride,  Cj,H,j,NgCLPtCi5,  fonns  large  potnte 
reddish-yellow  needles  which  are  readily  soluble  in  water. 

Pamiria7iiidobemy/amine.  (CuH,(NH^)CHj)sN,  is  insoluble  i| 
water,  and  ciystallizes  from  hot  alcohol  iu  octahedra,  posses 
a  diamond  lustre  and  melting  at  136°.  Its  hydrochlori 
crystallizes  in  yellow  needles,  and  is  so  readily  soluble  in  wate 
alcohol,  and  hydrochloric  acid,  that  it  cannot  be  obtaiu 
pure. 

In  the  preparation   of  the  base,  the  action  of  the  tin  j 
hydrochloric   acid   must  not   he  allowed  to  continue  too  Ion* 
as  under  these  circumstances  it  is  spUt  up  into  paradiamidm 
benzylamine  and  paratoluidine : 


/CH,.C„H..NHj  CH,.C„H,.NHj 


\CH,.CflH,.NH, 


^CHj.CaH,.NH, 


-i-CHj.C„H,jyB 


d   by 
wat«B 

it  at^M 


rarami^oUnzylpkenylamine,  CBH,(NHj)CHj.N(CaH5)H, 
not  be  obtained  by  the  action  of  tin  and  hydrochloric  acid 
the  nitro -compound,  since  a  more  deeply  seated  decomposition 
takes    place;    the    reduction  may,    however,    he    effected    by, 
employing  ammonium  sulphide.      The  base  is  soluble  in 
and  alcohol,  and  crystallizes  in  silky  scales,  which  melt  at 
and  become  coloured  red  in  the  light, 

Metadiamvlohemylaminc  forms  prismatic  needles,  melting  at 
86°;  its  hydrochloride,  (CaH^CNHgCOCHJ^NH^Cl,  crystaiUzea 
from  concentrated  hydrochloric  acid  in  long,  pinkish  needles,  and, 
forms  a  readily  soluble  platinichloride, 

Metatriamidahcnzylamine  forms  needles  melting  at  liS' 
platinichloride  is  only  slightly  soluble. 
^  Metamidobemylphcnylamine  melts  at  07°. 


BENZYLACETAMIDE. 


BENZYL-DERIVATIVES   OF  THE  ACID-AMIDES 
AND  ALLIED  BODIES. 

m8o  Bftizyluotnmide.    C^^.(M^:Syi:^fi)B,   was    pri-pared 

by  Strakosch  by  beating  benzylamine  with  gtat^ial  acetic  acid  for 

I  several  hours ; '    it  b   more   readily  formed  by  the  action  of 

beaijl  chloride  on  acetamide,*  and  ia  very  soluble  in  alcohol  and 

etlier,  slightly  in  pttruleum  naphtha,  from  which  it  crystallizes 

in  nnall  plates,  which  have  a  pleasant  smell  of  flowers  and  melt 

»t  57°.     It   boils   at   300°   and   is  not  attacked  by  acids   or 

Kijaeous  itlkalis ;   alcoholic   potash,   however,   converts   it   into 

wetic  acid  and  benzylamine. 

MieiaijU'xamide,  (CoH5.CHj,NHj)jCjOj,  is  obtained  by  boiling 

I  wMylftmine  with  ethyl  oxalate;  it  is  insoluble  in  water,  slightly 

I  *o!nble  in  hot  alcohol,  from  which  il  crystallizes  in  scales,  which 

\  Possess  a  satin  lustre  and  melt  at  21C°. 

^yamhfmylaminf;  C,gH,uNj,  is  obtained  by  passing  cyanogen 
cold  solution  of  benzylamiue : 


C„Hs.CH2.NH, 


+    I 
C=N 


C,Hs.CH^NH.O— NH 
CbHj.GH,.NH.C:=NH. 


'  forais  lustrous  crystals,  which  are  soluble  in  alcohol  and 
'"^It  at  140°.  If  hydrochloric  acid  be  added  to  the  alcoholic 
*'''*tion,  the  salt,  C,9H,aN,(ClH)„  is  obtained  in  white,  silky 
"^^tiles.  When  it  is  allowed  to  stand  in  contact  wilh  liydro- 
J^-^oricacid  for  some  time,  it  is  converted  into  di ben zylox amide 
f^*-*-akosch). 

•^ienzylcyanamide,  C,Hs.CH,.NH{CN),  is  formed  when  cyan- 
"S^*  chloride  is  passed  into  an  ethereal  solution  of  benzyl- 
'^^ine,  and  crystallizes  in  tablets  melting  at  33'.  It  changes 
^iHintaneously  into  beiun/ln/anuramide  or  lenzyhnttamxne,  (C^Hp 
■ttj.NH)3CjN5,  which  has  a  much  higher  melting-point  and 
■^''stallizes  from  alcohol  in  plates ;  the  change  takes  place  more 
'^aJily  at  100°. 

^ben  an  alcoholic  solution  of  benzylcyanaraide  is  boiled  with 
lamine  hydrochloride,  dVjensytgvnnidine  (OoHj.CHj.N  H)j 
'..  is  fonned ;   this  compound  crystallizes  from  alcohol  in 
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plates  or  tablets,  melting  at  100°.  The  hydrochloride,  (C^l 
NH)jC.NH.ClH,  is  slightly  soluble  in  water,  more  readily 
alcohol  (Strakosch). 

DihcTizylqfanamide,  (CuHj.CHjjjN.CN,  ivas  obtained  by  Lii 
priclit  from  dibenzylamine  and  cyanogen  chloride;  it  crystal 
from  alcohol  in  plates,  melting  at  53° — 04°. 

Bemyl  isocyanate,  or  Benzyl  earhiviide,  CgHj.CHjN  :  CO,  w( 
prepared  by  Letts  in  the  impure  state  and  in  small  qnantil 
by  distilling  benzyl  chloride  with  silver  cyanate  ;i  the  isocyanurat 
is  always  formed  at  the  same  time.  It  is  a  liquid  which  givi 
all  the  characteristic  reactions  of  the  isocyanates  and  posse: 
an  extremely  penetrating  odour,  its  vapour  attacking  the  eyi 
violently. 

Benzyl  ison/anuraie,  (CgH5,CHj)jNg(CO)3,  crystallizes  from  hot 
alcohol  in  silky  needles,  melting  at  1 57°.  It  boils  above  320°,  and 
when  fused  with  caustic  potash  yields  benzylaraine.  Cannizzaro 
seems  to  have  obtained  the  same  substance  in  small  quantity 
and  together  with  other  products  by  the  action  of  cyanuric 
chloride  on  benzyl  alcohol.^ 

Bemyl  isolhiM^miatc,  or  Bemyl  mnslard  oil,  CijHj.CHj.NiCS. 
Hofmann  obtained  this  compounil  by  dissolving  henzylamine  in 
carbon  disulphide,  and  distilling  the  white,  crystalline  compound 
formed  with  an  alcoholic  solution  of  mercuric  chloride.' 

It  is  a  liquid  which  boils  at  about  243°  and  possesses  the  smell 
of  water-cresa  {Nasturtium  o^cinalt)  in  such  a  remarkable 
degree  that  Hofmann  was  induced  to  search  for  it  in  the  oil  of 
this  plant ;  it  ia  not,  however,  present,  the  odoriferous  constituent 
in  water-cress  being  phenylpropionitril,  CflHj.CjH^.CN,*  while 
benzouitril,   C^H^CN,  is   that  of  the  nasturtium  {TropatoU 

Benzyl  tkiocyanate,  C',H5.CHj.S.CN,  is  formed  by  heai 
benzyl  chloride  with  an  alcohohc  solution  of  potassium  thii 
cyanate.  It  ia  insoluble  in  water,  and  crystallizes  from  alcohol  in 
long,  transparent  prisms,  which  have  a  sharp,  burning  taste,  and 
a  penetrating  smell  resembling  that  of  cress.  According  to 
Henry."  it  melts  at  36° — 38°  and  boils  with  partial  decomposition 
at  256°,  while  BarbagUa  found  its  melting-point  to  be  41°  and 
its  boiling-point  230° — ^235°.^ 

'  Ber.  Deutnh,  Cham.  Qa.  v.  90  ;  see  tilso  Strakosch,  ibid.  v.  SD2  ;  Ladenl 
ihid.  X.  46. 
'  Ber.  Dndw^i.  Chcm.  Oc.-'.  Hi,  SI  7.  *  Ihi 

*  /bill.  rii.  fi2l>.  '  Jbid.  vii.  S18.  <  Ibi 

'  Il/i<t.  V.  688. 
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Coocentrated  nitric  acid  converts  it  into  paraniirobemyl  thio- 
esatuje.  C,H,(NOj)CH,  S.CN,  which  can  also  be  obtaicwl  by 
the  acLJon  of  paranitrobeazyl  chloride  on  potassium  thiocyauatc. 
It  crystallizes  from  alcohohc  solution  iu  sriiall.  brittlii  crystals. 

Various  halo^u  siibstitution-products  of  this  coiiipoiuid  are 
also  known.' 

&)i:y/«frnoo/nnn(f,C,Hj,CH4.Se.CN,crystallizc3  from  alcohol 
in  white  ueedlfs  or  ))risms,  which  have  an  extremely  repulaivo 
smell  and  melt  at  Tla".* 

Bevzyl  carbmnaie,  or  Bensyl  urcthaw,  CaHj.CHg.O.CO.NHj, 
was  obtained  by  Cannizzaro,  together  with  a  little  benzyl 
isocyamirate  and  dibenzyt  ui'ea,  by  tho  action  of  cyanogen 
chloride  and  cyauiiric  chloride  on  benzyl  alooliol.*  It  ia  also 
forraeil  when  urea  nitrate  ia  heated  to  130° — 140°*  with  benzyl 
alcohol ;  it  crystallizes  from  hot  water  in  largo  plates,  which 
melt  at  86°  ancl  decompose  into  benzyl  alcohol  and  cyaniiric  acid 
at  220°. 

Btjiiyl  urm.  (C8H,.CHj)NH.C0.NH,.  is  formed,  together  with 
symmetric  diben^t  urea,  by  the  action  of  benzyl  chloride  on  an 
alcoliolic  solution  of  potassium  cyanate,"  as  well  as  by  that  of 
alcoholic  ammonia  on  benzyl  isocyanato  (Letts).  It  is  also 
obtained  when  a  solution  of  benzylamine  hydrochloride  is  boiled 
witli  potassium  cyanate."  It  ia  tolerably  soluble  in  hot,  readily 
in  boiling  alcohol,  and  crystallizes  in  long,  white  needles,  melting 
at  1+7°— 147  5°. 

i<!fjnmelric  dihenxyl  urea,  QO{^K.Gii^.C^^t.  is  formed  when 
the  compound  just  described  ia  heated  to  200°  (Cannizzaro),  as 
well  as  when  benzyl  isocyanate  ia  lieated  with  water  in  a  sealed 
tube  to  100°  and  also  when  benzyl  alcohol  is  heated  to  100° 
with  urea  nitrate  (Letts),  benzyl  aldehyde  being  simultaneously 
fonned  (Campisi  and  Amato),  It  is  insoluble  in  water  and 
crystallizes  from  alcohol  in  needles  melting  at  107°.  It  dooa 
not  combine  with  hydrochloric  ticid  or  nitric  acid,  but  gives  a 
plan  tinichlori  de. 

Akipiivieiric  dUemyl  uTea,  (C'oHa.C'H^jN.CO.NHp  has  been 
obtained  by  Patemiaiid  Spica  from  di benzylamine  hydrochloride 
and  potassium  cyanate ;  it  ia  slightly  soluble  in  cold,  readily  in 
hot  water,  and  crystallizes  in  thick  prisms,  melting  at  1 24° — 123", 

'  Jackson,  Fielil,  Msbery,  Lowry,  loc.  eii. 
'  Jackson,  .lun.  Chan.  Fharm.  elixix.  IS. 

•  Ber.  DftOsrh.  Ch*fa.  Oe:  iii.  BIT  :  iv,  il2. 

•  Cninpisi  null  Amato,  ibid.  iv.  412. 

'  Fttlernd  ajid  Spica,  ibid.  ix.  81.  •  Ilml. 
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Benzyl  thiocarhamide,  CgH5.CHj.NH.CS.NHj,  has  been  prepai^d 
in  an  analogous  manner  from  benzylamine  hydrochloride  and 
p<itaMiium  thiocyanate ;  it  is  very  soluble  in  water  and  melts  at 
10!'. 

Hymrrutric  dHjcnzyl  thiocarbamide,  (CgH5.CHjJJfH)jCS,  is 
forrruxl  when  an  alcoholic  solution  of  benzylamine  is  heated  with 
carlxin  disulphide  until  the  evolution  of  sulphuretted  hydrogen 
coases.  It  crystallizes  in  large,  four-sided,  lustrous  tablets,  melt- 
ing at  1!  4' ;  it  is  converted  into  dibenzyl  urea  when  its  alcoholic 
solution  is  treated  with  mercuric  oxide  (Strakosch). 

Anymifutric  difjcnzyl  thiocarbamide,  (CgH5.CHjN)jCS.NHj,  is 
prepared  from  dibenzylamine  hydrochloride  and  potassium 
thi<K!yanat(; ;  it  is  slightly  soluble  in  water,  readily  in  alcohol, 
and  cryHtaliizes  in  long  needles  melting  at  156° — 1ST  (Patemi 
and  Hpica). 


PHOSPHORUS  COMPOUNDS  OF  BENZYL. 

ao8i  Primary  and  secondary  benzylphosphine  are  formed 
when  benzyl  chloride  is  heated  with  phosphonium  iodide  and  zinc 
oxide.  The  product  of  the  reaction  is  distilled  with  water,  an 
oily  licjuid  coming  over,  which  possesses  a  very  characteristic, 
persistent  odour,  and  is  a  mixture  of  toluene  and  benzylphos- 
phine. The  residue  contains  dibenzylphosphine  and  other 
substances,  which,  however,  remain  in  solution,  while  the 
dibenzylphosphine  crystallizes  out  on  standing,  more  rapidly  in 
the  presence  of  caustic  potash ;  it  is  then  removed  from  the 
licjuid  and  recrystallized  from  boiling  alcohol.^ 

Benzylphosphine,  CgHg.CHg-PH.^,  is  a  strongly  refractive  liquid, 
boiling  at  180** ;  it  is  oxidized  on  exposure  to  the  air  with  such 
rapidity  that  its  temperature  rises  to  above  100**,  thick,  white 
needles  being  deposited. 

Benzylphosphonium  iodide,  CQH5.CH2.PH3I,  is  obtained  by  the 
addition  of  fuming  hydriodic  acid  to  benzylphosphine,  as  a  white 
precipitate  which  crystallizes  from  the  hot  acid  in  long,  white 
needles.  When  these  are  washed  with  ether  and  dried  in  a 
stream  of  hydrogen,  they  are  converted  into  large,  well-formed 
tablets.     Water  decomposes  the  compound  into  its  constituents. 

^  Hofmann,  Bcr,  Deuisch,  Chem,  Qes,  v.  100. 


^ 
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IHI>ensylphoapkiTie,  (CgHjCH^jPH,  crystallizca  iu  needles 
wliicli  form  stax-like  aggregates,  are  colourless  and  tasteless,  do 
Hot  combine  with  acids,  and  melt  at  205°.  While  dimethyl- 
plioaphine  and  ethylphosphine  are  spontaneously  inflammable  iu 
the  air,  dibenzylphosphioe  is  not  acted  upon  by  oxygen,  even 
W  a  tiigher  temperature. 

Tnphenylhcnsylphof^honium  chloride,  P(C„Hs),(CHj.CgHJCi, 
"8  readily  formed  by  the  combination  of  benzylchloride  with 
Wphenylphosphine.  It  is  readily  sohiblo  in  alcohol  and  water, 
W  separates  from  the  latter  in  rhombic  crystals  which  contain 
one  molecule  of  water  and  are  efflorescent.  Oilier  salts,  which 
*fe  characterized  by  their  power  of  crystallization,  have  been 
prepared  from  this  compound  by  double  decomposition ;  tliey  are 
"^composed  by  boiling  caustic  aoda.  with  formation  of  triphenyl- 
phosphinc  oxide  and  tohieiie :  ^ 

PCO,H5),(CgH5.CHi)Cl+NaOH=PO(C,Hjis+CoH,.CHg+NaCl. 


I 
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=!oS2  When  bt-nzyl  chloride,  diluted    with  absolute  ether,  is 

''^^^ted  with  arsenic  trichloride  and  sodium,  a  reaction  commences 

^    *^r  some  time,  wliich  in  the  course  of  a  few  days  may  raise  the 

^^^*^iperature  to  the  boiling-point  of  ether,  the  following  com- 


DilffinzylarBino  trithloridB. 
2C,H,Cl+ABa,+2Na=.{CjHj)ijAsCl3  +  2NaCl. 

TribenzylHrsi'iic  dichloride. 
3C,HjCl  +  AsCl,  +  4Na  =  (CjH,),AsClj  +  4NaCl. 


If  tlic  sodium  chloride  be  now  removed,  the  ether  distilled  off 

T^^cl  the  residue  treated  with  ordinary  ether  containing  water, 

\]e  chlorides  are  converted  into  oxychlorides,  which  separate  out 

J**«  a  powder,  while  resinous  by-products  containing  arsenic  go 

*-  »ito  solution.   The  powder  ia  washed  with  ether  and  then  treateil 

^^'ith  boiling  dilute  caustic  soda  solution ;  dibenzytaraenic  acid 

^^oes  into  solution,  while  the  residue  consists  of  tribenzylarsine 

^^iixide,  which  ia  veiy  slightly  soluble  in  the  cold  solution,  and  is, 

"%iherefore,  removed  by  cooling  and  filtering. 

'  MieliMlifl  and  V.  Sodeu,  Ann.  Chnii.  Pharm.  ccjaix.  319. 
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Dibenzylarsenic  acid,  (CgH5.CH2)2AsO.OH,  is  precipitated  from 
its  alkaline  solution  by  acids ;  it  is  only  very  slightly  soluble  in 
cold,  more  readily  in  boiling  water,  and  crystallizes  from  hot 
dilute  alcohol  in  fine,  white  plates,  melting  at  210*5^  It  dissolves 
in  hot  dilute  hydrochloric  acid  and  the  solution  on  cooling 
deposits  the  compound  (C7H7)2As(OH)2Cl,  in  fine  needles,  which 
melt  at  128**  and  are  reconverted  into  the  acid  by  water.  It 
forms  similar  compounds  with  hydrobromic,  hydriodic  and  nitric 
acids.  It  is  decomposed  on  heating  with  concentrated  hydro- 
chloric acid : 

2{G^TL^\k&0^  +  2HC1  =  2C7H7CI  +  2C7H8  +  AS2O3  +  Hp. 

It  behaves  in  this  reaction  similarly  to  cacodylic  or  di- 
methylarsenic  acid.  Its  alkaline  salts  are  soluble  in  water  and 
alcohol ;  those  of  the  calcium  group  separate  from  alcohol  in 
crystals ;  the  silver  salt  is  a  white  precipitate,  insoluble  in  water. 

T'Hhevzylarsine  oxide,  (CgH5.CH2)3AsO,  crystallizes  from  dilute 
alcohol  in  lustrous  needles,  melting  at  21 95^  On  heating  with 
hydrochloric  acid  it  is  converted  into  the  oxychloride,  {G^'R»j\ 
As(OH)Cl,  which  melts  at  162** — 163**  and  is  reconverted  into 
the  oxide  by  alkalis. 

Tribenzylarsine,  {C^TlfiH^^As.  When  a  little  acetic  ether  is 
added  to  the  mixture  employed  in  the  preparation  of  the 
compounds  just  described,  the  reaction  becomes  so  violent  that 
it  has  to  be  moderated  by  cooling  : 

3C7H7CI  +  ASCI3  +  6Na  =  (C7H7),  As  +  6NaCl. 

If  the  treatment  described  above  be  then  proceeded  with,  the 
oxychlorides  are  obtained  as  before,  but  the  solution  contains 
tribenzylarsine  and  no  resinous  by-products ;  it  crystallizes  from 
alcohol  in  large  colourless  needles,  melting  at  104^  On  heating 
with  ethyl  iodide,  tribenzylarsoniurn  iodide,  (OQH.^.Cli^fi^^A^aI, 
is  formed,  and  crystallizes  in  small  white  plates,  which  are 
slightly  soluble  in  water,  readily  in  alcohol.^ 

Tribenzylarsine  is  isomeric  with  tritolylarsine,  (CgH^.CH3)3As, 
which,  like  triphenylarsine,  forms  no  compounds  with  the 
alcoholic  iodides. 

^  Micbaclis  and  Paetow,  Bcr.  Deutsch.  CJicm,  Ges.  xviii.  41. 


SILICON  TETRABENZYL.  127 


SILICON   COMPOUNDS  OF   BENZYL. 

2083  Silicon  tetrabefnzyl,  or  SilicotetrahemylmetJiane,  Si(CH2. 
CgHg)^,  is  formed  by  the  action  of  sodium  on  a  mixture  of 
benzylchloride  and  silicon  chloride,  to  which  a  little  acetic  ether 
has  been  added,  and  which  has  been  diluted  with  ether.  It 
separates  from  warm  ether  in  crystals  melting  at  127*5V 

^  Polls,  Ber,  Deutaeh,  Chem,  Oes.  xviii.  1543. 
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THE  BENZOYL  GROUP. 


2084  It  has  been  already  mentioned  in  the  introductory  sketc 
of  the  development  of  oi^anic  chemistry  (Part  I.  p.  11),  thi 
Wohler  and  Liebig  showed  in  their  classical  research,  Investig 
tions  on  the  Radical  of  Semou  Acid,  that  oil  of  hitter  almont 
benzoic  acid,  and  a  number  of  subBtances  prepared  from  these,  1 
contain  a  "compound  basis  "  of  the  formula  CjH^O,  to  which  tin 
gave  the  name  of  benzoyl  (the  latter  portion  of  the  word  1 
derived  from  5\t;,  matter).'  They  communicated  their  resu] 
to  Berzeliua,  who  makes  the  following  remarks  in  his  reply : 

"  The  results  which  you  have  obtained  by  the  investigation  a 
oil  of  bitter  almonds,  are  certainly  the  most  important  whwT 
have  hitherto  been  attained  in  the  field  of  vegetable  chemistry, 
and  promise  to  throw  an  unexpected  light  upon  that  department 
of  science.   The  fact  that  a  substance  which  is  composed  ofctu-lx 
hydrogen  and    oxygen,   combines   with   other  substances, 
especially  with  those  which  form  salts  and  bases,  in  precisely  t 
same  manner  as  do  simple  substances,  proves  that  there  1 
ternary  compound  atoms  (of  the  first  order),  and  the  rsdical  i 
benzoic  acid  is  the  first  well-established  instance  of  a  ten 
substance  which  possesses  the  properties  of  an  element. 

"  The  facts  brought  forward  by  you  give  rise  to  such  1 
considerations  that  they  may  be  looked  upon  as  marking  1 
commencement  of  a  new  era  in  vegetable  chemistry.  From  thW 
standpoint  I  should  propose  to  name  the  first  discovered  radical 
composed  of  more  than  two  elements,  p7-oin  {fhim  the  word 
nrptiil,  commencement  of  the  day,  in  the  sense,  a-n-6  irptDi . 
ea-irepo^,  Acts  sxviii.  23),  or  orthnn  (from  dp<l)p6'i,  dawn.)" 

In  view,  however,  of  the  circumstance  that  the  long  fauiilii 
name  benzoic  acid  would  have  also  been  altered,  and  that  il 
customary  to  respect  terms  in  general  use,  provided  only  thl 
'  Ann.  Chcm.  Phann.  iii.  249. 
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Llaey  do  not  admit  of  a.  double  interpretation,  it  seemed  to  him 

nxost  suitable  to  accept  the  name  benzoyl.^ 

In  the  next  year,  nevertheless,  he  opposed  the  idea  of  the 

existence  of  oxygenated  radicals  and  looked  upon  oil  of  bitter 
almonds  as  an  oxide  of  picramy/,  CjEg  (7r*«pds,  bitter,  and 
o^vySaXt},  aimoad),  a  name  which  was  never  generally  adopted. 


BENZALDEHYDE,  CoH,.CHO. 

3085  Tlie  poisonous  quahties  of  bittor  almonds  were  known 
to  the  ancients,  and  they  were  employed  in  medicine  in  the 
iiidJle  ages :  Valerius  Cordus,  who  has  been  already  mentioned 
under  the  history  of  ether,  described  them  as  constituents  of 
lozengps.  At  the  commencement  of  this  century.  Bohm,  an 
apothecary's  assistant  in  Berhn,  discovered  that  the  aqueous 
distillate  of  bitter  almonds  contains  prussic  acid,*  and  this  dis- 
'^very  led  to  the  assumption  that  the  latter  is  poisonous,  a 
property  which  its  discoverer,  Scheele,  had,  somewhat  strangely, 
overlooked.  Schaub,  Schrader,  Ittner  and  other  chemists ' 
Confirmed  the  dangerous  nature  of  this  substance,  and  Schrader,* 
ind  Miitr^s,''an  apothecary  in  Montauban.  observed  that  a  hquid  oil 
'3  also  obtained  by  the  distillation  of  bitter  almonds  with  water. 
T^is  oil  was  more  closely  examined  by  Vogel  and  Robiquet, 
^he  former*  of  whom  found  that  the  most  remarkable  and 
striking  pro|terty  of  oil  of  bitter  almonds  is  that  it  is  converted 
■nto  a  crystalline  body  by  exposure  to  the  air  or  by  treat- 
"lent  with  pure  oxygen  or  oxymuriatic  acid  (chlorine),  while 
"Obiqiiet  showed  that  the  leaves  of  the  cherry-laurel  yield  an 
"U  which  resembles  oil  of  bitter  almonds  in  every  respect,  and 
^hat  the  substance  obtained  from  it  by  oxidation  has  acid  pro- 
perties.' 

Stangc,  an  apothecary  of  Basel,  who  also  obtained  this  solid 
*>ibaliuice  from  the  cherry-laurel,  recognized  it  as  benzoic  acid,*  an 

'  iJin.  Chan,  Pharm.  iii.  SB2. 

•  StAurtr'j  Joan.  x.  126  ;  Gilbert,  Ann.  Phys.  liii.  B03. 

lUnoT,  BeitrOge  tur  QeKkichU  dor  /flauiiiure,  Freiburj;  and  CoualiD)!,  1800  ; 
f^jft.  Die  matu6un,  Hoiiti,  1870,  16*. 

*  ScbmlBr,  Uerlin.  Jahrb.  Pham.  ii.  i3. 
'  Jaam.  Pharm.  v.  288. 

Scbwci^ifcr,  JourTu  ChaiL  Phya.  is.  59  ;  xxxn.  119, 
'  ^nn.  Ckim.  Phy».  xt.  2B  ;  iii.  250. 
'  BncbDH's  Sepert.  Phann.  xiv.  329,  381  ;  xvL  80. 
VOL,  III.— PART  IV.  -E. 


I 


13^  AROMATIC  COMPOUNDS. 


obsen-ation  which  was  confirmed  by  Wohler  and  Liebig.  These 
chemists  dLtermined  its  composition,  and  that  of  the  oil  of 
bitter  almonds,  and  ascertained  the  relations  of  the  two  com- 
pc»nn  Js,  To  oil  of  bitter  almonds  they  gave  the  name  of  benzoyl 
bydriiie.  which  was  later  changed  to  benzoic  aldehyde  and 
benzaMelivde. 

Shortly   Ixfore   this,   Robiqpet    and    Boutron-Charlard  had 
foun<l  tliat  when  bitter  almonds  are  freed  from  fatty  matters 
by   pressure,   an    odourless    residue    is   left   which    yields  the 
characteristic   smell  of  oil  of  bitter  almonds  on   the  addition 
of  water.     The  oil  in  question,   or  its  elements,   had  there- 
fore been  left  behind  in  the  pressed  mass  and  had  not  been 
removed  by  the  process.     They,  therefore,  concluded  that  oil  of 
bitter  almonds  is  a  compound  of  water  w4th  a  peculiar  principle, 
which  they  endeavoured  to  isolate.      The  use  of  water  being 
impossible,  they   extracted   the   pressed  almonds  with  boiliiig 
alcohol,  and  obtained,  together  with  resin  and  a  liquid  sugar,  ^ 
crystalline  compound  containing  nitrogen,  to  which  they  gav^ 
the  name  of  amygdalin.     This  compound,  to  which  the  taste  ^^ 
bitter  almonds  is  due,  gave  no  smell  of  bitter  almonds  wh^^^ 
treated  with  water,  nor  did  either  of  the  two  other  compound-^ 
nor  the  residue,  nor  even  of  a  mixture  of  them  alL     The  prussi-  ^ 
acid  and  oil  of  bitter  almonds  had  vanished  from  their  hands  — - 
They  found  further,  that  sweet  almonds  contain  no  amygdali^^ 
and  that  the  latter  yields  benzoic  acid  when  oxidized  by  nitri  "^ 
acid,  while  Peligot  observed  the  formation  of  oil  of  bitter  almond  -^ 
as  an  intermediate  product  in  this  reaction. 

Woliler  and  Liebig,  who  also  accurately  determined  th^^ 
composition  of  amygdalin,  succeeded  in  finding  the  solution  o^ 
the  problem.  They  showed  that  both  sweet  and  bitter  almond^ 
contain  a  peculiar  nitrogenous  substance,  emulsin,  which  con^ 
verts  amygdalin  in  presence  of  water  into  benzaldehyde,  prussic^ 
acid,  and  grape  sugar  : 

(^,,H.7N(),i  -f  2H,0  =  C\H,0  +  CNH  +  "IQ'^^S^^, 

Tlie  action  of  the  ferment  is  destroyed  by  boiling  water  and  by 
heating  with  alcohol,  so  that  when  dried  and  powdered  bitter 
almonds  are  shaken  up  with  boiling  water  and  distilled,  none  of 
the  livpiid  oil  is  obtained,  and  the  same  result  occurs  when,  as  in 

'  Ann.  Ckim.  Phys.  xliv.  352. 
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Robiquet  and  Eoutron-Charlard's  process,  tliey  are  ti'eated  with 
boiling  alcohol.' 

AniygJaJin.  whicli  is  the  first  exaniplo  of  a  ghicoaide,  a  large 

number  of  wliicli  bodies  is  now  known,  occurs  in  many  plants, 

chiefly  the   Ami/ffdalaccir,  Driipacrm   and   Fomacea:,  which    all 

>ield  benzaldehyde  and  pruasic  acid  wJien  distilled  with  water. 

The   kernel  of  the  peach  also  yields  an  oil  resembling  oil  of 

bitter  almonds  in  every  respect,^  while  that  obtained  frotn  the 

leaves,  flowers,  seeds  and  bark  of  the  cherry,  contains  both  oil  of 

I       bitter  almonds  and  another  oil  which  has  a  penetrating,  repul- 

I       Mve  odour*      This   subject  will    be   further    discussed    under 

^     Amygdalin. 

^h      According  to  Winkler,  the  freab  leaves  of  the  cherry-laurel 

^^M(I*ninus  lauroceraitue),  the  cherry  {Prunus  padiis)  and  the  peach, 

^Veontaiu  a  small  quantity  of  fi'ee  oil  of  bitter  almonds  varying  in 

^^  amount  with  the  water  present,*  which  can  be  extracted  by  ether. 

Jttner  looked  upon  oil  of  bitter  almonds  as  a  compound  of 

''ydrocyanic  acid  and  an  ethereal  oil,  but  Vogel  opposed  this 

I'iew,  for  he  had  found  that  it  could  be  easily  freed  from  hydro- 

i^yanic  acid  by  treatment  with  caustic  potash  or  baryta  water,  or 

^y  distillation  with  mercuric  oxide.^     Since,  however,  the  oil 

containing  hydrocyanic  acid  is  readily  converted  into  the  polymeric 

l>^;iizoin,  CnH,jOj,  by  caustic  potash,  Wiihler  and  Liebig  proposed 

*o    remove  the  acid  by  shaking  up  with  milk  of  lime  and  ferrous 

^*->Jphate.  calcium  ferrocyanide  being  fonned  ;  a  loss  of  about  1 0 

F*^*!  cent,  is  experienced  in  the  process.      According  to  Bertagnini 

'*•    is  better  to  shake  the  oil  with  three  or  four  volumes  of  acid 

^^^iura  sulphite,  remove  the  crystals  which  separate  out  and 

*'"^i  with  alcohol.'    All  the  hydrocyanic  acid  is  not  removed 

"^  this  process,  and  the  double  sulphite  is  therefore  recrystal- 

***e(i  from  hot  alcohol  before  being  distilled  with  caustic  soda.' 

*■  lie  oil  containing  hydrocyanic  acid  is  not  simply  a  mixture  of 

■^nealJehyde  and  hydrocyanic  acid,  but  contains  ■phcnylhydraty- 

^c<iofiiiril,  C(,H5.CH(0H)CN,  which,  like  other  cyanhydrins  or 

^Wtriia  of  hydroxyacids,  readily  decomposes  into  its  constituents. 

"inkier  had  noticed  some  time  previously  that  crude  oil  of  bitter 

aiiuonds  is   converted  by  hydrochloric  acid  into  titandelic  acid 

Ann.  Cfwm.  Fkiam.  xxii.  1  ;  RobiilQot  and  Boutron,  ibid.  xzv.  17D  :  Liebig, 
™i  nv.  190. 


il."5TZ-J    ~L_-*     "Lril"!- 


^^r*    kv. 


■I  zui: 


■    \yv\ .    r- 


:.  -.-   -  .i.'.'-.'T  -;:.ia.  t^.tc.  :  > 


V    ■  ■ 


.-  z^iTL-  "vj.;-  J.  "^tl: 


■  t. 


■    ..  ::-r     tf    Li^i  '•-^-Ii  ..;tro. 


/. 


^  /f/O.ff    •  M. 


•  •     .    i 


■  : .  •  -  r    •  .  ->   *c  * ■  II  -y  I  roni - 
:vT..!';-i    v.   ill   a  siiuihir 


■   //„     r/,,„.    //„/      ,  ,.    tl*;  •./■..'■..    /■-.,■»».  cx\ii.  77. 

.  /  /1 ,1     /  'In  ,„     f'h'ii  III     *\  V .     'oi •'■': 


PBEPAHATION  OF  BENZALDEUVDE.  IM 

manner  from  oil  of  citmamon,  whicli  cootains  citinyl  alde- 
hyiie.'  ami  TocI  from  styrone  or  cinnyl  aJcohol,  C^JJ^.CJI^ 
CH.CHj.OH,'  Various  other  allied  aromatic  compounds  yield 
beozalilcbydc  on  oxidation.  Canuizzaro  showed  that  it  is  the 
first  product  of  the  oxidation  of  benzyl  alcohol  (p.  91),  while 
Gucfeelberger  and  Keller  found  it  among  the  products  which  are 
formed  by  the  action  of  potassium  pennangaiiate  and  sulphuric 
acid  on  the  albuminoids.' 

It  is  readily  obtained  from  benzoic  acid  by  reduction  carried 
on  in  aqueous  solution  by  means  of  sodium  amalgam,*  or  by 
heating  with  stannous  oxide.*  Baeyer  obtained  it  by  passing 
the  vapour  of  benzoic  acid  or  of  phthalic  acid,  CaH,{COjH)j,  over 
heated  zinc-dust*  and  Chiozza  by  the  action  of  copper  hydride 
on  benzoyl  chloride/  Piria  found  that  it  is  formed  by  distilling 
ft  mixture  of  calcium  benzoate  and  formate.* 

When  the  vapour  of  benzene  or  toluene,  mixed  with  air,  is 
brought  into  contact  with  a  glowing  spiral  of  platinum  or  palla- 
dium, benzoic  acid  is  formed  together  with  some  benzaldehydc, 
vhich  is  formed  in  larger  quantity  from  xylene  (dimethyl benzene) 
or  cymene  (methyl  propylbenzene.)'  Toluene,  as  already  nien- 
tiooed  (p.  6),  forms  a  compound  with  chromium  oxychloride, 
Trhich  is  decomposed  by  water  with  formation  of  bcnzaldehyde. 

This  is  also  formed  when  benzyl  chloride  is  boiled  with  dilute 
nitric  acid  or  water  and  lead  nitrate,"*  as  well  as  by  heating 
beiizidene  chloride,  C^Hj.CHCIj,  with  silver  oxide,  mercuric 
Oxide,"  or  alcoholic  potash,'*  or  with  water  to  140° — 160V*  When 
tbia  compound  is  heated  with  two  molecules  of  sulphuric  acid 
to  30*,  hydrochloric  acid  is  evolved  and  a  syrupy  liquid  formed, 
which  is  decomposed  by  water  into  sulphuric  acid  and  benz- 
aldehyde.'* 

On  the  small  scale  benzaldehyde  is  best  prepared  by  gradually 
beating  benzidene  cldoride  to  130°  with  the  necessary  amount 
of  anhydrous  oxalic  acid  : 

C,Hs.CHClg  -1-  0^,0^  -  C„Hj.CHO  -i-  CO  -j-  CO,  +  2HCI. 

'  Joam.  PraU.  CThto.  uriiL  386.  »  Ann.  Chem.  fhnrm.  Ixx.  B, 

*  Ihid.  Lii».  t(0 ;  l»iu.  M.  *  Kolbo,  ibid,  eiriii.  122. 

'  Dosut,  CimjU.  Rend.  \v.  448,  •  Ann.  Chrm.  Pkarm.  wcl.  296. 

'  llnd.  buxT.  asa.  "  Ibid.  c.  106. 

'  C»iDillon,  Cotnpt.  Smd.  Iixvii.  444  ;  Ixxx.  108B. 

"  OriiDBiu  uid  Lnutli.  Bull.  Sac.  Chim.  [2]  Til.  100. 

"  Gcrlwrdt,  TraiU  Ckim.  iv.  731. 

^  CohoaTS,  Aitn.  Chem.  Pharm.  Suppl.  ii.  263. 


Tlie  residue  is  distilled  under  diminished  pressure,  and  tho 
aldeiiyde  purifietl  by  a  single  rectification.' 

2087  Benzaldeliyde  is  manufactured  by  boiling  2  pai'ts  of 
benzyl  chloride  with  3  parts  of  lead  nitrate,  or  better,  copper 
nitrate,  and  10  paiia  of  water  for  several  hours  in  an  apparatus 
connected  with  an  inverted  condenser,  the  operation  being 
conducted  in  a  current  of  carbon  dioxide ;  half  the  liquid 
is  then  distilled  off,  and  the  oil  separated  from  the  water. 
It  is  obtainetl  from  benzidene  chloride  by  heating  it  under 
pressure  in  an  iron  vessel  with  caustic  sodst.  According 
to  Espenschied  it  is  possible  to  heat  without  pressure  in  an 
apparatus  connected  with  an  inverted  condenser  if  milk  of  lime 
be  used,  or  if  whitening,  or  some  other  finely-divided  insoluble 
substance,  be  added  and  the  whole  stirred  into  an  emulsion, 
which  boils  at  a  higher  temperature  and  thus  faeilitat«s  the 
decomposition  of  the  chloride.  Jacobsen  recommends  a  process 
in  which  benzidene  chloride  is  heated  with  glacial  acetic  acid  and 
zinc  chloride,  benzaldehyde  and  acetyl  chloride  being  formed ; 
the  necessary  amount  of  water  is  then  allowed  to  flow  in,  and 
the  acetic  acid  which  is  formed,  recovered.* 

The  benzaldehyde  thus  obtained,  which  always  contains 
chlorine  compounds,  is  used  in  the  colour  industry.  The  pure 
compound  may  be  obtained  from  it  by  preparing  the  double 
sulphite,  which  has  already  been  meufioned,  and  decomposing 
this  with  caustic  soda  solution. 

Properties. — Benzaldehyde  is  a  colourless,  strongly  refractive 
liquid  which  has  a  well  known  characteristic  smell  and  a  bunt- 
ing aromatic  taste.  It  dissolves  in  more  than  3(10  parts  of  water ; ' 
boils  at  179°.  and  has  a  specific  gravity  of  l'0(i36  at  0°  and  of 
1'0504  at  15°,  In  the  pure  state  it  rapidly  oxidizes  intheairajid 
is  also  oxidized  by  boiling  with  chromic  aoid  solution,  manganese 
dioxide  and  sulphuric  acid,  or  freshly  precipitated  ferric  oxide,* 
It  is,  however,  only  slowly  attacked  by  strong,  boiling  nitric  acid  ; 
the  red,  fuming  acid  oidy  yields  benzoic  acid,  but  when  mixed 
with  sulphuric  acid  gives  substitution  products.*  It  differs 
from  the  aldehydes  of  the  fatty  series  in  not  reducing  an  alkaline 
copper  solution.^ 

•  Anwhiitz,  ZJ^bifi't  Ann.  rexxvi.  18.  J 

'  Ber.  Deuiteh.  Otum.  Oet.  xiii.  2013  ;  xiv.  14211.  H 

'  Fliickiger,  JahrriA.  Chem.  1876,  182.  H 

■•  GriigKr,  Ann.  Chirm.  Fharm.  oxi.  121.  ^| 

"  ToIIens,  jWi/.  xiv,  1950.  ■ 
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Iti8con\erted  into  benzyl  alcohol  by  treatment  with  sodium 
amalgam  and  water;  hydrobenzoin  is  simultaneously  formed, 
together  with  the  isomeric  isohydrobenzoin  Ci^HjgCOH),,  which 
compounds,  together  with  benzoin,  CgH5.CH(0H)C0.CgH^ 
obtained  by  heating  benzaldehyde  with  alcoholic  potassium 
cyanide  solution,  will  be  subsequently  described. 

Benzaldehyde  is  not  poisonous;  when  taken  internally  it 
appears  in  the  urine  as  hippuric  acid;^  it  is  not  decomposed 
when  heated  to  dull  redness,  but  is  decomposed,  chiefly  into 
benzene  and  carbon  monoxide,  when  passed  through  a  tube 
filled  with  pumice  stone  and  heated  to  bright  redness.* 

Benzaldehyde  readily  combines  with  other  carbon  compounds 
with  elimination   of  water  and  is  therefore  largely  employed, 
toth  on  the  small  and  lai'ge  scale,  for  the  synthesis  of  con- 
densation products,  which  will  be  subsequently  described.     Only 
^  few  of  the  most  important  reactions  will  be  mentioned  here. 
(1.)  When  benzaldehyde  is  heated  with  sodium  acetate  *and 
^etic  anhydride,  cinnamic  acid,  CgH^.CH — CH.CO.2H,  is  fonned. 
The  homologues  of  this  acid   are   prepared  in   an  analogous 
banner  from  the  other  fatty  acids. 

(2.)  Aromatic  ketones  are  easily  obtained  by  the  con- 
densation of  a  fatty  ketone  with  benzaldehyde ;  thus  ordinary 
acetone  yields  methylcinnyl  ketone,  CHg.CO.CH^CH.CoHg, 
"^hich  is  converted  by  the  further  action  of  benzaldehyde  into 
dicinnyl  ketone  or  cinnamone,  COCCHzzzCH.CgHJa. 

O.)    When  benzaldehyde   is  heated  with   aniline  and    zinc 

cliloride,    diamidotriphenylmethane,    C«H5.CH(CoH4.NH2)2,    is 

^^♦ained ;  if  dimethylaniline  be  employed,  the  base,  CgHg.CH 

^     «Il4.N.(CH3)2)2,  is  formed,  and  this  yields  on  oxidation  the 

^*^viring   matter  known  as  benzaldehyde-green  or  malachite- 

(4.)  Benzaldehyde   combines  with  the  nitroparaffins  to  form 
P>,^^atic    nitro-olefines,    such    as   nhenylnitro-ethylene,   CgH^. 
"^c^=CHN02,  etc. 

'  Frerichs  and  Wiihler,  Ann.  Chmi.  Pharm.  Ixv.  337. 
^  Barreswill  and  Boudault,  ibid.  lii.  3G0. 
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3o88 ,  Benzaldehyde,  like  other  aldehydes,  behaves  as  t^ lie 
oxide  of  a  dyad  radical,  which  is  called  bpnzylene,  benzylid^ixie 
or  benzidene.  As  in  all  analogous  cases,  the  correspondLxig 
alcohol  cannot  be  prepared,  but  ethers,  ethereal  salts,  fk.xid 
other  derivatives  are  known. 

Bcmidene  diHhyl  ctfier,  CailyCU(OCJl^^.  was  obUir»ed 
by  Wicke  by  the  action  of  benzidene  chloride  on  sodiviin 
othylate.  It  ia  a  liquid  which  possesses  a  pleasant  stnell 
resembling  that  of  the  geranium,  and  boils  at  222°.  Wioke 
has  also  prepared  various  other  ethers.^ 

Benzidene  didiloride,  CuHj.CHClj.  Cahoura  prepared  tliis 
compound  by  the  action  of  phosphorus  peutachloride  on  oil 
of  bitter  almonds*  and  named  it  chlorobcmot,  a  name 
which  was  subsequently  changed  into  chloride  of  oil  of  bittor 
almonds  and  finally  into  benzal  cWoride  (benzaldehyde  chlori^dc;), 
which  ia  still  employed. 

It  is  also  obtained  by  treating  benzaldehyde  with  carboi»-y 
chloride  or  succinyl  chloride  :  ^  _ 

CbH..CHO  +  CgH,<  >  =  C„H,.CHCU  +  CjH.<         >0  — -■ 

It  ia,  however,  most  readily  prepared  by  passing  cblort^*'^ 
into  boiling  toluene  until  it  has  gained  75  per  cent,  in  weigT-*' 
and  then  purifying  the  product  by  fractional  distillation.* 

It  is  a  colouriesa  liquid  which  boils  at  20G° — 20r  axr:*^ 
has  a  specific  gravity  of  1*205  at  16°.  *  In  the  cold  it  has  on-^y 
a  feeble  smell,  but  when  heated  it  gives  off  a  peuetratii:^"-^ 
vapour  which  produces  a  flow  of  tears.  It  is  manufacture^™ 
and  employed  for  the  preparation  of  benzaldehyde. 

Benzidene  dihromide,  CgHj.CHBrj,  is  formed  by  the  action  C^^  _ 
phospfaoiiis  pentabromide  on  benzaldehyde ;  it  is  a  powerfully 

'  Wicko,  Anil.  Chan.  Pharm.  cii.  363. 
»  AnK.  Chim.  PSpf.  [3]  xiiii.  839. 

•  Bembold,  Jnik  Chem.  Pharm.  cxxiviii.  189. 

*  Beilatein  nnd  Riihlb«rt;,  iliiil.  cxlvi.  322. 
'  Hiibuor  and  Bento,  Per.  Dtulich.  Chein.  Gn.  vi. 
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•"t-fractive  liqnid,  which  can  only  be  distilled  without  decoraposi- 

"on  under  considerably  rDduced  pressure.' 

Jkfundcm  di-iodide,  CgHj.CHI,.  Geuther  and  Cartmell,  by 
the  action  of  bydriodic  acid  gaa  on  benzaldebyde,  obtained  a 
P**Uliar  compound,  which  they  named  bcnzaldehyde  oxyiadide, 
^hHj^IjO;  it  fomia  colourless,  rhombic  tablets,  which  melt  at 
26°  and  rapidly  t)ecome  coloured  darlt  in  the  light.  It  smells 
exactly  like  cress,  and  can  be  volatilized  with  steam,  yielding 

*  Vapour  which  attacks  the  eyes  and  nose  most  violently,  the 
pain  caused  being  greater  and  more  enduring  than  that  pro- 
duced by  acrolein.    When  it  is  heated  with  silver  nitrate  solution, 

*  smell  of  benzaldehyde  is  produced.* 

The  constitution  of  this  body,  the  formula  of  which  can  be 
expressed  aa  CgHjCHO  +  SCbHj.CHIj.  is  unknown. 

Henzidcne  diacdate,  C^^.GK{C^Lfi^^.  Wicke  obtained  this 
compound  by  the  action  of  silver  acetate  on  benzidene  chloride;* 
It  is  also  formed  when  benzaldehyde  is  hcjited  with  acetic 
anhydride,*  and  crystallizes  from  ether  in  small,  monoclinic 
tablets  or  in  twins,  which  have  the  awaUow-tail  form  of  crystals 
of  gypsum.     It  melts  at  45°—  46°,*  and  boils  at  220°.* 

AA'icke  has  also  prepared  some  other  ethereal  salts  of 
bexizidene. 

J'otasitium  henzidme  sulpkUe,  C„Hs.CH(OH)SOjK.  This 
ooTBpound,  which  was  earlier  called  the  bisulphite  of  benz- 
aldehyde-potash,  was  obtained  by  Eertagnini  in  crystals  by 
agitating  benzaldehyde  with  a  concentrated  solution  of  acid 
potassium  sulphite.'  It  crystallizes  from  hot,  dilute  alcohol  in 
long  pLites,  which  are  slightly  sohible  in  cold  alcohol,  readily  in 
*"ater,  but  are  almost  insoluble  in  a  concentrated  solution  of  acid 
potassium  sulphite.  It  is  decomposed  by  simply  boiling  with 
^^^ter,  more  readily  by  acids  or  alkalis,  with  separation  of  benz- 
"■luehyde,  which  can  thus  be  obtained  pure  (p.  134). 

*%(ium  bemidenc  sulphite,  C„H5.CH(0H)S0,Na  +  H^O,  forms 
*naall  crystals,  and  behaves  like  the  potassium  salt. 

~^mvi<mium  hmade^u  sulphite,  CoHj,.CH(OH)S03NH^  -I-  H,0. 

T*^*tagnini,  on  shaking  benzaldehyde  with  a  concentrated  solu- 

'^'*  of  acid  ammonium  sulphite,  observed  au  evolution  of  heat 

^  obtained  a  clear  solution  from  which  no  crystals  separated  out. 

a    ^ichaebon  and  Lippniano,  Bit.  Deatieh.  Chem.  Oes.   Suppl.  iv.  113, 
,    -^nn.  Chem.  Pharm.  cxii.  20.  '  IMd.  cii,  308. 

3    rSautlier,  ibid.  ovL  261  ;  Hubner,  Zdlsckr.  Chrm.  1867,  277. 
«    **Brkiti,  Md.  1888,  172. 

Wgnliof.  Ann.  Chem.  Phanit.  exlvi.  323.  '  Ibid.  ]«i»».  188. 
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Otto,  however,  obtained  the  compound  in  crystals  by  tnixioj 
alcoliolic  solutions  of  sulphur  dioxide  and  hydi^obenzamide; 
precipitate  is  formed  consisting  of  microscopic  needles  which  a 
slightly  soluble  in  alcohol,  readily  in  water,  and  separate  froi 
the  latter  in  transparent  crystals  containing  three  molecules  c 
water.' 

Benzaldehyde  does  not  form  an  analogous  contpound   witlj 
acid    aniline   sulphite,   but  a    very  stable    substance  of 
empirical  formula,  2CjHgO  +  SCoH^N  +  SOj,  is  produced,  i 
crystallizes  from  water  in  long,  fiat  needles.* 

Jiemident  sulphide,  CgHj.CHS.  Cahours  prepared  this  com 
pound  by  heating  benzidene  chloride  with  an  alcoholic  solutioi 
of  potassium  hydrosulphide  and  named  it  sulphobenzene.* 
was  then  further  investigated  by  Fleischer  *  and  Bcittinger.' 
crystalhzes  from  hot  alcohol  iii  nacreous  plates  and  from  ether  iii 
transparent,  four-sided  prisms,  melting  at  70° — 71°.  On  heatii  _ 
with  caustic  potash  it  yields  benzyl  hydrosulphide,  benzyl  ■ 
disulphide  and  some  benzoic  ticid,  and  on  dry  distillation 
gives  stilbeno,  ChHj^,  tolallyl  sulphide.  C^^Hj^S,  aud  thionessal, 

Farabetmdene  mlphiilc,  (CoH5.CHS)„.  By  the  action  of  am- 
monium sulphide  on  an  alcoholic  solution  of  benzaldehj'de, 
Laurent  obtained  a  compound  of  this  composition,  which  he 
called  sulphobeuzoyl  hydride  {hydrurc  de  sul/oliemi4te),  and  de- 
scribed as  a  powder  consisting  of  microscopic  granules,  which 
became  soft  at  00° — 95°,  and,  after  careful  fusion,  solidified  to 
a  transparent  mass.  It  is  odourless,  but  imparts  to  the  hands  a 
very  repulsive,  adhering  alliaceous  odour."  On  dry  distillation  it 
yields  the  same  products  as  benzidene  sulphide. 

The  compound  which  Klinger  obtained  by  passing  sulphuretted 
hydrogen  into  a  solution  of  benzaldehyde  in  absolute  alcohol  and 
named  a-henzoikio-aldthyde,  is  probably  identical  with  this  boilj 
It  is  amorphous,  softens  at  80°— 85°,  and  is  converted  bya  "" 
chlorides  into  0-henzothio-aldekyde.,  which  is  slightly  soluble  i 
alcohol,  readily  in  hot  glacial  acetic  acid,  and  crystallizes  ii 
lustrous  white  needles,  melting  at  225° — 226°.' 

This   compound    is    most    readily    obtained   by    dissolvi 

'  NBtiliof,  Ann.  Chem.  Pharm.  rxii.  308. 
'  SuHff,  ibid.  cxl.  130 ;  cm.  12S. 

'  A«.Tt.  Chim.  Fhyi.  [3]  iiiil.  333  ;  Ann.  Chem.  Pham.  \xjl.  40. 

<  JMd.  eiL  aS4.  »  Her.  Dfutmh.  Chem.  Oe$.  iii.  10S3.  J 

•  Ann.  Chitn.  Phy:  [S]  i.  292  ;  Ann.   Chfni.  riuinn.  mviii.   330  i  bm  Hid 

Itochledar,  ibid.  snvi!.  Si6,  '  Jinr.  DeMieh.  Chan.  Om.  ii.  18B3.   ' 
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amorphous  benzothio-aldehyde  in  hot  benzene  and  adding  a  small 
quantity  of  iodine  also  dissolved  in  benzene ;  luBtroiia  needles  of 
the  fonniila  CyHj.CHS  +  C^Hg  soon  separate  out,  wliich  lose 
benzene  and  become  opaque  at  125° — 130°,' 

a -Benzothio-aldehyde  is  also  formed,  together  witli  ammonia, 
when  an  alkaline  solution  of  benzothiamide,  CbHj,.CS.NHj.  is 
treated  with  sodium  amalgam,* 

Both  thio-aldehydes,  when  heated  with  copper  dust,  yield 
stilbene,  Ci,Hjj,  as  the  chief  product,  and  the  amorphoua  com- 
pound on  fusion  with  caustic  potash  yields  the  same  products  as 
benzidene  sulphide  (Bottinger).  Klinger  was  unable  to  convert 
the  latter,  which  he  considered  to  be  y-bcnzofkio-aMelii/de,  into 
the  /S-coinpound  by  the  action  of  acetyl  chloride  or  iodine ;  the 
fl-corapound  is  probably  a  polymeric  modification,  and  is  beat 
called  pai'a1>enzidene  sulphide. 

2089  Bejizuie.noxiine,  or  Bftixaldoximt,  C^Hj.CH.NOH,  is  formed 
when  benzaldehyde  and  sufficient  alcohol  to  form  a  clear 
solution  are  added  to  an  aqueous  solution  of  hyciroxylamine 
liydroohloride  containing  an  excess  of  sodium  carbonate  : 


C^Hj-CHO  +  H3N.OH  =  CoHj,CH^N.OH  +  H^O. 


^B  After  twenty-four  hours  the  mixture  is  extracted  with  ether 
^mnd  the  residue,  after  the  evaporation  of  the  ether,  rectified. 
^^  Benzaldoxime  is  an  oily  liquid,  which  boils  above  220*  with 
I>artial  decomposition,  and  is  decomposed  by  hydrochloric  acid 
into  the  substances  from  which  it  is  formed.  On  treatment  with 
alcoholic  caustic  soda  it  gives  the  compound  CBHj,CH,NONa, 
"wrliich  crystallizes  from  water  in  small,  lustrous  plates.  By  the 
action  of  methyl  iodide  on  this,  the  methyl  ether,  CgHg,CH, 
l^OCHg,  is  obtained  as  a  hght,  oily  liquid,  which  ha?  a  very 
pleasant,  fruity  odour,and  boils  at  190° — 192°;  other  ethers  have 
hfen  prepared  in  a  similar  manner.^ 

Sydrolienzaviidf,  or  TrUiensidciicdiamine,  Ng(CH,CnHj)a.  Acet- 
aldehyde  combines  directly  with  ammonia  to  form  aldehyde 
ainmonia,  CH3.CH(0H)NHg,  but  benzaldehyde  behaves  in  a 
w>mpletely  different  manner  ;  three  molecules  of  the  latter  lose 
«1  their  oxygon,  which  combines  with  the  hydrogen  of  two 
Wolecules  of  ammonia,  the  place  of  this  being  taken  by  the 
''^iMidene  groups. 

'  Bw.  Deatn-Ji.  Chrm.  tfr-.  i.  18?", 

^  Bernthdoii,  ibid.  i.38, 

*  Petracaik,  ibid.  xv.  2783  ;  xvi.  823, 
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Hydrobenzatnide   is  slowly    formed    when   benzaldeliyde 
allowed  to  stand  in   contact  with  aqueous   ariimonia;'   mo- 
rapidly  when  the  two  are  heated  together.* 

Benzaldehyde  absorbs  dry  ammonia,  and  if  the  product  of  th 
absorption  be  allowed  to  stand  in  a  vacuum,  water  is  lost  a^ 
hydrobenzamide  remains ;  *  it  is  also  formed  when  benzidei» 
dichloride  is  allowed  to  stand  for  some  months  with  aque(^ 
ammonia> 

It  is  readily  soluble  in  alcohol  and  ether,  and  crystallizes 
lustrous,  rhombic  pyramids,  melting  at  110°;  very  fine  cryst^ 
may  be  obtained  by  pouring  an  excess  of  aqueous  ammonia 
to  a  mixture  of  equal  volumes  of  benzaldehyde  and  ether,  n- 
allowing  the  whole  to  stand.*     It  ia  tasteless,  but  its  alcohca 
solution    has,    according    to    Laurent,    a   faint    taste    of   bii 
almonds.     On  boiling  with  alcohol  it  slowly  decomposes 
ammonia  and  benzaldehyde  ;    acids  rapidly  produce  this 
position.     On  oxidation    with    aqueous   chromic  acid,   a 
quantity  of  benzoic  acid  is  forraed  (Fownes). 

When  it  is  boiled  with  caustic  potash  or  heated  to  120° — IJ 
it  ia  converted  into  the  isomeric  amarine,  which  will  be  ai 
sequently  described ;  the  relation  between  the  two  compoui 
is  shown  by  the  following  formulie : 


Hy  il  robcninmido , 


C„H,.CH=N- 


;CH.C„H5. 


CoH,.C.NH 

II    >CN.C.H,. 
CaH^-CNH 


fkiobemaldine,  {C^H^.CH\St^H.  Laurent  obtained  t^ 
compound,  the  analc^ue  of  thialdine  (Pt.  II.  p.  75),  by  allowt-^ 
a  mixture  of  crude  oil  of  bitter  almonds,  ammonium  sidphS-' 
and  ether,  to  stand  for  several  weeks.  It  crystallizes  in  nacrec^ 
plates  or  monoclinic  prisms  which  raelt  at  125°,  and  irap^^ 
an  unpleasant  smell  to  the  skin.  When  it  is  boiled  wE- 
alcohol,  sulphuretted  hydrogen  b  given  off,  while  alcoho^^ 
potash  decomposes  it  with  evolution  of  ammonia,* 

Bemidene-aniline,  ObHb.CH — iN.CflHg.    Gerhardt  and  Laure  ^ 
obtained  this  compound  by  heating  benzaldehyde  with  aniliir^ 


1 


'  Laurent  (1838),  Ann.  ChAm.  I'hyt.  1 

[i.  ISO. 

■  Hewfcsld,  Ber.  DmitKh.  Chan.  Or*. 

*  Engplhatdt,  Ann.  Chcm.  Plmnn,  ci. 

*  Eckmnnn,  ibid.  cxiL  I76. 


IL  23  ;  Uvi.  18  ;  Ann.   Chnn. 

1  Rachludur,  ibid.  ili.  89. 
,  1271. 
77. 

•  Ann.  Chnn.  P/uinn.  ix}tvi 
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and  named  it  benzoylanilide.'     The  Bame  compound  is  formed, 
A3  shown  hy  SchifF,  when  l^enzaMehyde  ia  heaUid  with   thiu- 
carbanilide :  ^ 
m  3CS(NHC6HB)»+6CaHj.CHO  = 

■       6C,Hs.CH  =  N.CbH,+CSj+2CO,+H^+2H,0. 

^  is  very  soluble  in  alcohol  and  ether,  separating  from  the 
latter  in  warty  crystals,  and  crystallizing  from  carbon  disulphide 
in  yellow  needles,  which  melt  at  42°,*  and  are  volatile  with  steam. 
It  does  not  combine  with  acids,  and  is  partially  decomposed  on 
heating  into  benzaldehyde  and  aniline. 

2ogo  Brmvieiu-amline  cyanhydrale,  CgHj.CItizN.CjHj.C'NH. 
Cech  obtained  this  compound  by  the  action  of  potassium  cyanide 
on  an  ntcoholic  solution  of  benzaldehyde  and  aniline  or  aniline 
hydrochloride ;  it  is  also  formed  when  hydrocyanic  acid  is  passed 
into  fused  benzidene-aniline,  and  is  decomposed  into  its  com- 
ponents by  heat.  It  crystallizes  from  carbon  disulphide  in  stlky 
needles,  which  melt  at  82°,  sublime  readily,  and  are  volatile  with 
steam. 

Bemidencphtnythydrazine,  CjHj.CHi^iN.NH.CdHj.  is  formed 
by  a  violent  reaction  when  benzaldehyde  and  phenylhydrazine 
are  brought  together.  It  crystallizes  from  dilute  alcohol  in 
loonoclinic  prisms,  which  melt  at  152o°  and  can  lie  volatilized 
"without  decomposition. 

BcnzidenediphenylhydraziTU,  CoHj.CH  =  NC,(CnHj)j.  forma 
small  yellow  crystals,  melting  at  122°.* 

Bhenylbenzalddiydine,  or Bcnzidene-ortftotHainvl^htTiiene,  (CgHj. 
■CH=N)gC5H,,  is  formed  when  a  dilute  aqueous  solution  of 
orthodiamidobeozone  hydrochloride  is  shaken  up  with  benz- 
, aldehyde,  the  hydrocliloride  thus  obtained  being  purified  by 
re-crystallization,  and  the  base  precipitated  with  caustic  potash. 

Phenylbenzaldehydine  is  insoluble  in  water  and  crystallizes 
from  alcohol  in  six-sided  prisms,  melting  at  133° — 134°. 

Fhmylbematdehydijve  hydroekloride,  C^oHjgNj.HCl,  crystallizes 
in  colourless  prisms  which  are  only  slightly  soluble  in  water,  and 
lose  hydrochloric  acid  when  their  solution  is  boiled. 

When  the  b.ise  is  healJid  with  ethyl  iodide  to  100° — 120°,  the 
compound  CjoH,oN2.C,HjI  is  formed ;  it  crystallizes  from  hot 
wrier  in  colourloss,  thick  prisms,  melting  at  211° — 213".'' 

'  Jakrtab.  Cfum.  1850,  4SS.  '  Jn«~  Cfxiii..  Pharm.  cxlviiL  338. 

'  Cech,  Jttr.  IkubKh   Clu-m.  Qtt.  xi.  246. 

'  E.  Fiicher,  Ann.  Clu^u  Fluirm.  eic.  134,  179. 

'  Gngclbracht  and  LaJeuburg,  Her.  DeuUA.  Clu\ni.  Get.  xi.  lOSS. 


Betaideneparadiamidobemene,  (CgH£.CH=rN)jCgH^,  is  fon 
by  the  action    of   paradlamidobenzene    on   benzalJehyde ;    i^" 

i-rystaUizes  from  alcohol  in  plates  which  have  a  silver  lustre,  and 
melt  at  140°;  it  ia  decomposed  by  acids  into  its  coinponeDls. 
since  only  the  ortho -diamines  form  stable  basic   aldehydines  ^  i 
(Pai-t  III.  p.  62).  d 

Benxidenediintihylparadiamidohenzeiie,,    CbH^-CH  ^  N.CjH^.NH 
(CHj)j,   ia   readily  formed   by  heating   benzaldehyde  with   di- 
methylparadiamidobeiizene,  and  crystalhzes  from  hot  alcohol  in 
lustrous  platea  or  needles,  melting  at  93°,     It  is  a.  feeble,  di-acid 
base.* 

Diienzidene-orlhodiamidotolucnc,  or  Toluhenzaldehydine,  (CgH 
CH=N)iCaH3.CHj,   has    been    obtained    by  Ladenburg  f 
orthodiamidotoluene ;     it    crystallizes    in    lustrous,    monoclii 
prisms,  melting  at  195'o° ;  on  oxidation  with  potassium  \ 
ganate,  it  yields  dihrnndcncdiaviidobenzoie  acid,  (CgH^-CH 
CoHgCOsH.     The  hydrochloride,  Cs,H,aNj.GiH,  crystallizes  frwii  * 
hot  dilute  hydrochloric  acid  in  long  needles. 

When  it  ia  heated  with  ethyl  iodide,  it  is  converted  into  the 
iodide,  CjjHigNj.CjHjI,  which  crystallizes  in tluck  prisms,  and,  on 
treatment  with  silver  oxide,  yields  the  corresponding  hydroxide, 
which  remains  behind  after  evaporation  of  the  solution  as  a 
strongly  alkaline,  oily  hquid.* 

Dii)cnzidmcmetadUivi.idotfduene  crystallizes  from  a  mixture  of 
ether  and  alcohol  in  small  lustrous  tablets,  melting  at  122° — 128°. 
It  does  not  combine  with  acids,  but  when  heated  to  140° — 150* 
for  a  considerable  time,  it  is  converted  into  a  base,  which  Schiff 
considers  to  be  amarine.' 

Benridin^ih^nyldiamiiu:,  CsH5.CH(NHj)NHCCbHJ.  When 
benzonitril,  CyHj.CN,  is  heated  with  aniline  hydrochloride  to 
220° — 2i0°,  phL'nylbeuzcnylamidine '  is  formed,  and  this  is  con- 
verted into  the  diamine  by  the  action  of  zinc  and  dilute  acetic 
acid : 

/,NH  ,NIL 

FT.' 


C.H..C- 


NH.Q,H, 


+  2H  =  CoHs.CH. 


NH.C-Hg. 


It  ia  very  soluble  in  ail  solvents,  with  the  exception  of  water 
and  separates  from  dilute  alcohol  in  indistinct  crystals,  melting  at 

'  L»Ueobnrg,  Btr,  DeKttch.  Chcm.  Ues.  x\.  SDH. 

•  Calm,  ibid.  ivii.  29S8. 

■  Ibid.  I.  1126;  xi.  S9I,  164S. 

•  A^n.  Chan.  Pham.  mil.  98. 
'  Berntlucn,  Licbig't  vfnn.  clxxxir,  34ti. 
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1145*— llo'*.  At  a  higher  temperature  it  distils  without  decom- 
position, and  on  heating  with  cliloroform  and  alcoholic  potash 
yields  the  smell  of  the  carbamines. 

Amidenephen^lamine  hydrochloride,  G^^K^^^ ^.CIK,  crystallizes 
from  water  in  thick  prisms,  melting  at  223** — 224*6°.^ 

Beimdencacetamide,  C^H^.CHCNH.CjHjO),,  is  formed  by 
heating  benzaldehyde  with  acetamide,  and  crystallizes  from  hot 
^ater  in  fine  silky  needles  * 

Bemidene  urethane,  C^H5.CH(NH.CO.OC,H5)^  is  formed  when 
'hydrochloric  acid  is  added  to  a  mixture  of  benzaldehyde  and 
®%1  carbamate.  It  separates  from  alcohol  as  a  silky  crystalline 
^"^  which  melts  at  171°,  and  can  be  suMimed.^ 

Benzidene  ure'ides  are  formed  by  heating  benzaldehyde  with 
^  and  are  split  up  again  into  these  substances  by  boiling 
^^  water.* 
P  .NH.CO.NH2 

^^denedi-ureide,     CoH5.CH<f  ,  fine  needles. 

\nh.co.nHj 

.NH.CO.NH2 
r>  C^Hg.CH^^  ,  white  powder, 

^^^denetri-ureide,  >N— CO.NH. 

C^H5.CH< 

\NH.C0.NH2. 

/NH.CO.NH2 
aH..CHr 


'6"^-^6* 


N— CO.NH 


^^denetetra-ureide,  CflHg.CH-^f  ,  white  powder. 

\N— CO.NHo 


CaHr.CH^ 

NaCO.NH 


2- 


SLT^ 


STITUTION   PRODUCTS  OF  BENZIDENE 

COMPOUNDS. 
20 


Orih^ochlorobenzaldehyde,  CgH^Cl.CHO.    By  the  action  of 

rus   pentachloride   on   salicylaldehydc,  CgH^(OH)CHO, 

crobenzideiie  chloride^  C^H^Cl.CHClj,  is  obtained  as  an 


^  Bemthaen  and  Scymanski,  Ber.  Deulseh.  Chern.  Oes,  xiii.  917. 
'  Both,  Ann,  Chan.  Pharm.  cliv.  72. 

*  Bischoff,  Ber,  DeiUseh,  Chtm,  Qts,  vii.  634,  1082. 

*  Schiff,  Ann.  Chem.  Pharm,  cxl.  115  ;  cidviu.  330  ;  cU.  802. 


oily  liquid,  which  boils  at  227' — 230°.  and  possesses  a  penetrating 
smell  and  a  sharp  burning  taste.  When  this  compound  is  heated 
with  water  to  170°,  the  aldehyde  is  formed ;  it  is  a  liquid  which 
boils  at  210°,  hai  a  sharp  amell  and  taste,  and  readily  oicidizes  in 
the  ail  to  orthochlorobenzoic  acid.  It  combines  with  acid  sodiui 
sulphite.^ 

Metiuhlorobenxaldfhyde    is     formed    when    henzaldehyde 
chlorinated  in  presence  of  a  dehydrating  agent,  such  j 
phuric  acid,  zinc   chloride,  aluminium  chloride,  etc.,  and 
liquid  boiling  at  210°— 213°.* 

It   may  also   be   obtained   by   heating  a  hydrochloric  i 
solution  of  metamidobenzaldehyde  and  cuprous  chloride  to  t 
boiling-point  and  then  gradually  adding  a  solution   of  sodiu] 
nitrite.* 

Parachlorobcnzaldchyde  is  obtained  by  boiling  parachlorobeu 
bromide  with  water  and  lead  nitrate  in  an  atmosphere  of  carbt 
dioxide.  It  crystallizes  in  white  tablets,  melting  at  tT'S", 
are  slightly  soluble  in  cold,  more  readily  in  hot  water,  and  reac 
in  alcohol ;  it  smells  like  henzaldehyde,  readily  oxidizes  in  t 
air  and  imites  with  acid  sodium  sulphite  to  form  a  compoui 
which  is  only  slightly  soluble* 

The  pi-oduct  of  the  action  of  chlorine  on  benzidene  chloride 
in  pi-esence  of  iodine  is  a  mixture  of  ortho-  and  para-chloro- 
benzidene  chlorides,  which  boils  at  230° — 237°,^  and  was  formerly 
thought  to  be  the  pure  para*com pound."  When  it  is  heated 
with  anhydrous  oxalic  acid,  boiled  with  lead  nitrate,  or  heated 
to  170°  with  water,  a  mixture  of  the  aldehydes  is  obtained, 
boiling  at  210° — 214°;  in  the  cold  it  smells  like  henzaldehyde. 
but  when  heated  has  a  very  sharp,  penetrating  odour  and  causes 
a  flow  of  tears.  The  same  mixture  is  formed,  together  with  etbyl 
iodide,  when  benzyl  ethyl  ether  is  treated  with  chlorine  in 
presents  of  iodine  ;  ' 

C„H,.CH,.O.C,H,  +  ICl^  ^  0„Hp.CHO  +  aH^I  +  2HC1. 

J)ichloTohciaald,'hydc,  CbHsCU.CHO(CI  :  Ct  =  3  :  4).     Eeilate 
and  Kublberg,  by  the  action  of  chlorine  on  boiling  dichl 

'  llenrj-,  S.T.  Dfulteh.  Chem.  Gm.  ii.  135. 
'  Miiller,  ihid.  xviii.  Kef,  viii.  flSO, 
'  Ibiii.  xviii.  Ecf,  L83. 

•  iaiiVaau  mA  Whitv,  ihUl  x\.  1042. 
'  AnachrtU,  Ann.  Chrm.  FluiTm.  coiivi,  19. 

•  llmlfltein  Biiil  Knhlbrrg.  ibiil.  cxlvi.  837. 
'  SiateQis,  IScr,  DeuCacJi.  t'hcm.  fjet.  iv,  OBfl. 
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me.  obtained  s  didiUrrobenxiddie  chloride,  C|jH,ClyCHC'l^' 
boib  at  257",  and  is  converted  into  the  alilehyile  by 
5  with  water  to  200°.  It  is  soluble  in  boiling  watur,  more 
lily  in  alcohol,  and  crystallizes  in  fine  needles,  which  melt  at 
',  TolatJlize  in  steam,  and  combine  Atith  acid  sodium  sulphite.^ 
i  compound,  which  is  probably  identical  with  this,  is  ob- 
1  by  the  fiirther  chlorination  of  metachlorobenzalilehyde 
snce  of  a  dehydrating  agent,  and  is  described  as  a  liquid, 
g  at  240°— 2+3V 
'  a.'TridUorobmMidehyde.  C'sHjClj-CHO.  Tho  fiirther  chlori- 
nation of  a-tricldorotoluene  yields  a-irichlorolieitcidene  chloride, 
G^CIyCHCIj,  which  boils  at  280"— 281°.  and  sohdifies  be- 
low 0°  in  fine  needles.*  The  aldehyde  obtained  by  heating  it 
with  water  to  260°  is  insoluble  in  water,  crystallizes  in  very 
fine  needles,  which  melt  at  112° — 113°,  and  is  volatile  with 
sttam.' 

ff'Trwhioroiemiddehyds.  The  ^-trichloroben-ndenc  chloride 
obtained  from  ^-trichloro toluene,  melts  at  84",  boils  at  280°.  and 
yields  the  ^-trichlorobeuzaklehyde  which  melts  at  90°  (Seelig). 

Tctrachiorobemidene  ckhride,  CoHClj.CHClj,  has  been  prepared 
ffnin  tetrachlorotoluene ;  it  is  a  hquid,  which  boils  at  305° — 306°, 
and  is  <iecompo3ed  by  water  at  250°,  The  aldehyde  thus  formed 
has  not  been  further  investigated." 

Prntachlorui/eniidiJie  chloride,  CgClj.CHOlj,  is  formed  by  the 
wmtinued  action  of  chlorine  on  benzidene  chloride  in  presence 
<*f  iodine  and  finally  of  antimony  chloride.  It  crystallizes  from 
*lcobol  in  long  flat  plates,  melts  at  109°,  boils  at  334°,  and  is  not 
attacked  by  water  even  at  300°.' 

Orihohromdbenzaldehyde,  C„H,Br.CHO,  has  been  prepared  by 
foiling  orthobromobenzyl  bromide  with  water  and  lead  nitrate ; 
't  M  a  heavy,  oily  liquid,  which  oxidizes  very  rapidly  in  the  air.* 
MtiabromobeTizttldchj/dc,  CgHjBr.C'HO,  is  a  liquid  which  does 
lot  solidify  in  a  fi-eczing  mixture  (Jackson  and  White),  boils 
^t  233° — 236°,  and  may  bo  prepared  by  the  bromination  of 
*tizaldehyde  in  presence  of  a  dehyilmting  agent  (Miillcr). 

furahromobenjaldchyde,  CgH^BrCHO,  crystalhzcs  in  long 
•Wte  needles,  melting  at  67°. 

'  Ann.  Clum.  Fhnrm.  cl.  291.  =  IhiH.  clii.  228. 

'  Jitr.  Dtntmh.  Chem,   ff«.  Kuf.  iviii.  26. 

Am.  Ch*m.  Pharm.  cl,  SBS  ;  Sepli((,  Bir.  Dmtxh.  Cltem.  Qa.  iviii.  420, 

IbiiL;  Avn.  Cltcm.  Fharm.  cliL  238, 
I  Ihvt.  rl.  8C3.  '  Hid.  dl,  BUfl, 

JwliBonwid  Whitu,  Amcr.  Chcm.  Jimfii.  iii.  32, 
T«L.  HL— PABT  IV. 
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Vitra-u)dohemaldehyde,  CgHJ.CHO,  also  forms  needles,  melting 
at  7:r  (Jivckson  and  White). 

909a  OrthanitrobenzoMehyde,    CjH^(N02)CH0,   is  formed  in 
8mall  ijuantity,  together  with  the  meta-compound,  by  the  action 
of  a  inixtiiro  of  nitric  and  sulphuric  acids  on  benzaldehyde.^    It 
may,  however,  be  more  readily  prepared  from  orthonitrociniismic 
m  id.  C^«H,(NO^CItziCH.CO,a     When  the  ethyl  ether  d  this 
mnd  18  disaolvoil  in  concentrated  nitric  acid  and  treated  with  sodium 
nitrito,  tho  tomjKjrature  of  the  mixture  not  being  allowed  to  rise 
mon^  than  a  few  degrees,  a  compound  is  formed  which  contains 
a  nitrio  ac^id  residue  in  the  side  chain.     The  mixture  is  pourei 
aftt^r  having  stotxl  for  some  hours,  into  water,  and  the  oil  which 
Ho|vvnvti^8  out  distilleii  in  steam,  sodium  carbonate  being  added 
fn>iu  ti uu>  to  time ;   the  distillate  consists  of  water  and  poie 
orth<»nitrobonzaldehyde.*      It  can   be   still  more    conveniently 
prt^iwirtnl  by  o.xiilizing  orthonitrocinnamic  acid  with  potassium 
|H'riuang}vnato  in  alkaline  solution  (Friedlander  and  Henriques)- 
Thi>   Hohition  must  be   cooled   with   ice   and  shaken  up  yrii^ 
lH'n%i>no  at  short  intervals  in  order  to  remove  the  aldehyde  from 
the  further  action  of  the  oxidizing  agent.     The  benzene  solutio*^ 
iH  thou  ova|H)nvted,  the  aldehyde  remaining  behind.* 

It  iH  romlily  soluble  in  alcohol,  slightly  in  water,  and  cryst^* 
lizt^s  in  long,  light  yellow  needles,  melting  at  46**,  which  sia^ 
liko  lM»nzaldi»hyde  in  the  cold,  but  give  oflf  a  penetrating  vapo"*^ 
whon  hoatinl. 

It  forma  a  readily  soluble  compound  with  acid  sodium  suljAi'*^' 
whic^h  crystallizes  in  small,  lustrous  plates ;  concentrated  caus^*^^ 
soda  solution  decomposes  it  completely  into    orthonitroben^^ 
alcohol  and  orthonitrobenzoic  acid.     When  a  little  water  a^^^ 
caustic  soda  are  added   to  its  solution   in  acetone,   indigoti^* 
C^oH^^NgOg,  the  colouring  matter  of  indigo,  separates  out  afl>^^ 

a  short  time.*  , 

OrthonUrobenzaJdoxim^.,  CeH4(N02)CH.NOH.  Gabriel  ai>^ 
Meyer,  by  the  action  of  hydrochloric  acid  and  amyl  nitrite  cr^ 
aniidorthonitrophenylacetic  acid,  obtained  a  diazo-compound : 

N  H2.CoH,(NO^CH,.C02H + 2N0,H + HQ  = 
CIN  z=NC^H3(NOj)CHgNO+C02+3H,0. 

1  Rudolph,  Ber,  DatUgch,  Chem.  Oes.  xiii.  810. 
«  Friedland^^r  and  Henriquea,  ibid.  xiv.  2801. 

•  Einhorn,  ibid.  xvii.  119. 

*  Baeycr  and  Drewsen,  ibid.  xv.  2857. 
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On  heating  with  alcohol,  this  is  converted  into  nitrono- 
mtUiylmtrdbenzeiie,  CgH^(N02)CH2NO,  this  being  decomposetl  by 
tiiidatioQ  with  formation  of  uitrogen  monoxide  and  orthonitro- 
benzaldehyde,  which  was  first  prepared  pure  by  this  method.' 

This  substance  was  subsequently  recognised  as  orthonitrobenzal- 
doxiuie  and  prepared  from  the  alilehyde  and  hydroxy lamine* 
II  crystallizes  from  hot  water  in  liair-Iike  needles,  which  melt 
at  95°,  have  a  sweet  taste,  and  form  a  yellow  solution  in  alkalis. 
Its  methyl  ether,  CoH/NO^CH-NOCH^  is  formed  by  heating 
it  to  100°  with  caustic  potash,  methyl  alcohol  and  methyl  iodide ; 
it  is  only  slightly  soluble  in  wat«r,  readily  in  alcohol,  and 
trjstallizes  iu  silky  needles,  melting  at  58°. 

Metanitrobemaldehyde,  C^Tl^(NOj)CRO.  was  first  obtained  by 
Bertagnini  by  the  action  of  a  mixture  of  nitric  and  sulphuric 
wda  on  benzaldehyde.*  In  order  to  prepare  it,  1  part  of  tlie 
latter  is  dissolved  in  a  mixture  of  5  volumes  of  fuinuig  nitnc 
'ifidwith  10  volumes  of  sulphuric  acid,  the  temperature  being 
lit-pt  below  15°.  Tlie  nitro -com pound  is  predpitat«d  by  water, 
washed  and  re-crystallized  from  diliite  alcohol*  It  forms  lustrous 
*hile  needles,  melting  at  58",  *  smells  like  benzaldehyde  when 
'^Id,  hut  gives  off  a  penetrating  vapour  when  heated,  and 
'^mbines  with  the  acid  sulphites  of  the  alkalis  (Bertagnini),  as 
*eU  as  with  acid  aniline  sulphite  *  to  form  crystalline  compounds. 
Melanilrobenaidene  chloride,  CgH^('NOj)CHClj,  is  obtained  by 
">e  action  of  phosphorus  pentachloride  on  the  aldehyde;  it 
'^■^stallises  from  alcohol  in  needles  or  small  thin  plates,  melting 
at  65°.' 

Metanitrobe7izi4ene  hromide,  C„H,(NOj)CHBrj.  is  formed  by 
•loatjng  the  aldehyde  with  bromine  to  140°,  and  crystallizes  in 
''Ucroscopic  tablets,  melting  at  101°— 102°.' 

MOanitrobciizaldvximc.  f'oH4(NOj)CH.NOH,  was  first  obtained 
^om  raetanitro-amidopheny  lace  tic  acid  and  was  called  jiUroeo- 
**»  ^ylmetanitrobetaene." 

[it  is  readily  formed  by  the  combination  of  hydroxylamine 


I 


£ir.  DeuiKih.  CAen.  Oa.  ztr.  B32,  2332. 
Qtbriel,  ibid.  iv.  3057. 
Am.  Chan.  Pharm.  Ixxix.  260. 
■  Widmwiii,  Ber.  JJealMcK   Chan.   Oa,   liii.  678  ;  see  iilao  Fviedliiuiitr  and 
'-ntilHw*,  ibid.  xjr.  SSOI. 
'  I'lppntuia  ami  Hnwlictek,  ii«4  ix.  1463. 
;  Sftlff,  J„^  Chtn.  Pharm.  cxov.  30], 

Widmimn.  Ber.  Dtultch.  Chem.  Ga.  xiii.  676. 
'  Vi'Khuiilorfr.  Ann.  Chem.  Pharm.  pIiiit.  266. 
'  Gibriel,  Ber.  DaOath.  Chem.  Ga.  xv.  834. 
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with  niotanitrobenzaldehyde,^  and  crystallizes  from  water  in  long, 
flat  needles,  melting  at  llS** — 119^  Its  methyl  ether  also  forms 
flat  needles  and  melts  at  63*"— 635^ 

Trinitroh^drobenzamide,  li^{CB^C^K^.'NO^^,  is  formed  by  the 
action  of  ammonia  on  metanitrobenzaldehyde ;  it  is  insoluble  in 
water  and  ether,  and  only  slightly  soluble  in  boiling  alcohol,  from 
which  it  separates  out  in  flocks  consisting  of  very  thin  needles. 
When  it  is  heated  to  125"*  or  boiled  with  dilute  caustic  potash 
solution,  it  is  converted  into  the  isomeric  trinitr<Mimarine,  which 
forms  warty  crystals  and  has  a  feeble  alkaliue  reaction.  Its  salts 
are  difficultly  soluble  and  have  a  very  bitter  taste  (Bertagnini). 

Paranitrobtnzaidehydey  C<,H4(N0j)CH0,  is  prepared  by  boiling 
10  parts  of  paranitrobenzyl  chloride  with  60  parts  of  water,  14 
parts  of  loail  nitrate,  and  10  parts  of  nitric  acid  of  sp.  gr.  1*3, 
for  several  hours.  If  the  solution  be  more  dilute,  nitrobenzyl 
alcohol  is  formoil  instead  of  the  aldehyde.  The  product  is  shaken 
out  with  other  and  the  aldehyde  separated  by  means  of  add 
soilium  sulphit43.* 

Pamnitn^lxMizaldehyde  may  also  be  readily  obtained  by  the 
oxidation  of  jviranitrocinnamic  acid.'^     It  crystallizes  from  hot 
water  in  thin  prisms,  often  an  inch  in  length,  which  melt  ^^ 
106°,  have  a  characteristic  smell,  and  do  not  volatilize  readily 
in  steam.      Its  compound  with  acid  sodium  sulphite  is  readily 
soluble    in   water  and   crystallizes    in  small   iridescent  plat^ 
It  is  not  attacked  to  an  appreciable   extent  by  boiling  nitt^^ 
acid,   which  must  not,  however,  be   too   concentrated,  but    ^* 
quantitatively    converted     into     parahydroxybenzoic     acid     ^J 
chromic   acid.* 

When  it   is    heated    with    aniline   hydrochloride   and  zi^^ 
chloride,    paranitrodiamidotriphenylmethane,     CH(C^H^.NHj}j 
C^H^.NOg,  is  formed,  which  on  reduction  yields  paraleucanilin&> 
CH(C^H^.N  11^)3.     It  is  oxidized  by  mercuric  oxide  to  pararosani- 
line,  C(OH)(CgH,.NH2)3  (Fischer  and  GreiflF). 

Paranitrohenzidcne  chloride,  C^^{^O^GW^\^,  is  formed  by 
the  action  of  phosphorus  pentachloride  on  paranitrobenzalde- 
hyde  ;  it  crystallizes  from  alcohol  in  short,  well-formed  prisms, 
melting  at  46°. '^ 

Faranitrobenzidene  bromide,  CeH^(N02)CHBr2,  is  formed  by 

^  Gabriel,  JSer.  DctOftch.  Chem.  Oes.  xv.  3061. 

«  O.  Fischer  and  Greiff,  ibid.  xiii.  669. 

«  Haeyer,  ibid.  xiv.  2317  ;  Friedlander,  ibid.  xiv.  2577  ;  Basler,  ibid,xyi.  2714. 

*  0.  Fischer,  ibid.  xiv.  2525. 

^  Zimmermann  and  Miiller,  ibid.  xviiL  996. 


nting  paranitrotoluene  with  bromine  to  140°,  and  ctystallizes 

frota  alcohol  ia  needles  or  small  rectangular  platea,  melting  at 

82"— 82-5°.> 
Both   compounds  are  converted    into    parnrosanitine   when 

heated  with  aniline.* 

ParanUrabmzaldimme.     C8H,(N0^CH=N.0U,    crystallizes 

trom  hot  water  in  long  needles,  melting  at  128-5°.' 

3093  Orthatntdobejisaldcftifde,  CoH^(NHj)CHO.  was  firat  ob- 
tained by  Gabriel  in  small  quantities  by  oxidizing  orthamido- 
fceiizaldoxinie  with  an  acid  solution  of  ferric  chloride.*  Fried- 
lander  and  Hemiques  found  that  orthonitrobenzaldchyde  is 
converted  by  the  action  of  tin  and  acetic  acid  into  anthranil,* 
C,H(NO,  a  compound  which  stands  to  antliraoilic  acid  or 
urtliamidobenzoic  acid  in  the  same  relation  as  lactimide  to 
a-amjdopropionic  acid  (Part  II.  p.  142).  This  is  converted 
intj)  tilth amidobenzaldehyde  by  heating  with  ferrous  sulphate 
and  ammonia :  * 


("S. 


NH 


2H  = 


C,H, 


NH, 


'\CH0. 


The  latter  can  also  be  obtained  directly  in  the  same  way  from 
orthonitrobenzaldehyde.^     It   is    very   soluble   in   alcohol,  less 

feaiiily  in  water,  forming  a  yellow  solution,  and  crystallizes  in 
liistrons  plates,  which  are  volatile  with  steam,  their  vapour 
PWsessiDg  a  penetrating  smell  resembling  that  of  an  indigo  vat. 
»  melta  at  39° — 40°,  and  solidifies  on  cooling  in  a  crystalline 
■bms;  at  a  higher  temperature  a  portion  distils  without  de- 
coinpoaition,  while  the  remainder  is  converted  into  a  dark 
.'tiJow,  resinous  mass.  It  can  be  heated  with  caustic  soda 
solution  or  ammonia  without  undergoing  any  change  ;  dilute 
laiHeral  acids,  however,  reatlily  convert  it  into  an  amorphous 
Hindensation  product.  When  it  is  heated  with  acetic  anhydride, 
(^iylmtJiamidohenzaldehyde.  C^^(^B..C^P)CB^O,  is  fonned; 
It  crystallizes  from  hot  water  in  long  white  needles,  melting  at 

~r-vi". 

Mmidobenzaidoxime,  CaHj(NHj)CH=N.OH,  is  formed  by 

'  Wdcllendorff,  Aim,  Chan.  Fharm.  clsutv.  268. 

'  Zimtnermanii  and  Huller,  Ber.  Dcutneh.  Chem.  Gw.  xvii.  2936. 

*  Otbliel  and  Ilentwrg,  ibid.  xvL  2D00. 

*  Ber.  DenttA.  Chem.  Get.  iv.  20DJ, 
'  Ibid.  XV.  21  OB. 
*_  FrisdlODder,  Hid.  iv.  2572. 
'  Frbdiiiiidei  and  Qdlinng,  ihvl.  jlvM.  ISO. 


the  reduction  of  the  corresponding  nitro-com pound  with  am- 
moDium  siilpliide,  and  crystallizes  from  hot  water  in  long,  flat. 
lustrous  needles,  melting  at  132° — 133°.* 

Metamuldhcnzaldehyde,  CaHj(NH,)CHO,  is  ohtained  by  re- 
ducing metanitrobenzaldehyde  with  ammonia  and  ferrous 
sulphate,  and  distilling  the  product  with  steam ;  it  is  a  yellow, 
oily  lifiuid,  which  solidifies  at  low  temperatures  and  yields 
amorphous  condensation  products  with  even  greater  read:  ~ 
than  the  ortlio-com pound  (Friedlander  and  Gohring). 

Afelamidohcnzaldoxime,  CoHj(NHj)CH=N.OH,  is  foi 
when  a  solution  of  metaDitrobenzaldoxime  in  caustic  soda  it 
added  to  a  hot  solution  of  ferrous  sulphate  saturated  with 
ammonia,  the  blue-black  ferrous  hydroxide  being  converted 
into  brown  ferric  hydroxide.  The  filtrate  is  rendered  faintly 
acid  with  hydrochloric  acid,  treated  with  ammonia  and  then 
extracted  with  ether;  the  residue  left  ou  evaporation  of  the 
ethereal  extract  consists  of  metamidobenzaldoxime,  ■ 
crystallizes  from  hot  benzene  in  fine,  snow-white  needles, 
ing  at  S8°.  Oxidation  with  an  acid  solution  of  ferric  chloi 
yields  an  amorphous,  yellow  oxidation  proJuct  of  metamit 
benzaldehyde.* 

Faramidobcnzaldeliyde,  CflH^(NHj)CHO,  has  been  obtained 
a  decomposition  product  of  its  aldoxime ;  it  crystallizes  from 
water  in  small,  indented  plates,  which  melt  at  69-5° — 7l'5°,  but 
soon  change  into  a  modification  insoluble  in  water  and  melting 
at  a  higher  temperature.  When  heated  with  acetic  anbydrids 
and  sodium  acetate,  it  is  converted  into  acelylpanimidobem 
hyde.  CbHj(NH.C,H30)CH0.  which  crystalHzcs  from  hot 
in  long,  lustrous  needles,  melting  at  155°. 

Pnramiddbftizaldoxivie,  Cfi^{^B^CEz=.'^.OK,  is  formed 
the  action  of  ammonium  sulphide  on   paranitrobenzaldoxi 
and  crystallizes  from  hot  water  in  yellow  tablets,  nne! 
12t°.     It  dissolves  in  an  excess  of  hydrochloric  acid,  foi 
solution  which  soon  deposits  dark  red  needles  with  a  1 
flection,  while  hydroxylamine  remains  in  solution.     Caustic 
decomposes  the  red  compound,  paramidobenzaldehydo  or  its 
densatiou  products  being  set  free.* 

Divi^thylpnramidolxmaldekyde,    CoHj.'N(CHg),CHO.      ~ 
zinc  chloride  is  allowed  to  act  on  a  mixture  of  chloral  hydi 

'  Galiriul  &uil  Mayor,  Btr.  DciUsch.  Cktm.  Oes.  xiv.  S338. 

'  Galirial,  ibid.  xvi.  1087. 

'  Gabriot  and  Ilonbcrg,  ibid.  xvi.  2000. 
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id  dimethylaniline,  dimethylamidophenylhydroxytriclitorethane 
■  formed,  and  is  decomposed  by  caustic  potash  with  formatioQ  of 
iiiietlijlparamidobenzaldehyde  and  chloroform  or  decomposition 
odacts  of  these ; 

,CH(OH}CCig  ,CHO 

C;H,<  =C,h/  +CHCL. 

le  new  compound  crystalHzes  in  small  plates,  which  melt  at 
1^.  readily  dissolve  in  alcohol  ajid  hot  water,  and  oia  volatile 

*ith  steam.' 


BENZOIC  ACID,  C0H5.COOH. 

3094  The  products  I'omiL-d  by  the  dry  distillation  of  giun  ben- 
zoic '  are  mentioned  in  writings  which  date  back  as  far  as  the 
siiteentli  ceutury.  Hieronymus  Rosello,  who,  under  the  name 
"f  Alexius  Pedemontanus,  published  a  work,  De  Secretin,  in  the 
year  1557,  mentions  in  it  the  butter  of  bouzoin,  and  Libavius 
in  his  Alckywia,  written  in  1595,  says  that  when  laser'  vd 
I  *'iWt'»  is  distilled,  water  comes  over  first,  followed  by  a  thick 
"  itUivia  exititutar  vianTiac,  yummi."  Blaise  de  Vigenere, 
^W  Traiti  defeu  el  du  «/.  appeared  afti>r  his  death  in  1608, 
B  that  with  a  strong  fire  "  infinies  peiUes  aigvilles  et  Jlla- 
appear,  which  must  be  soon  removed  because  they 
i  otherwise  melt  like  marrow  (nioelle).  About  the  samu 
Briod,  Turquet  de  Mayeme  in  his  Pharmacopoea  teaches  how  to 
1  flowers  of  benzoin  from  the  residue  by  subhming  it  in  an 

k,  Bfr.  lieuiMh.  6'Aem.  Get.  iviii.  1618  ;  xii.  865. 

■  This  reaJD  is  obtained  by  means  nf  inciaioua  in  tlie  bark  of  Slgrax  Smzoin,  ft 
(tm  iDdigenaus  to  Java  and  Sumatm.  It  ii  gent  into  the  Emopcan  market  from 
Ihe  lattLT  ialand,  and  ttda  was  formerly  tbe  only  source  &om  wbirh  it  could  be 
obtained.  A  highly  valoed  variety  u  nov  Bent  from  Siam,  but  nothing  further  is 
known  as  to  ita  origin.  It  was  formerly  oonnted  as  one  of  Ihe  tostly  ajiiws.  It 
ii  first  mentioned  by  Ibn  Batata,  who  travelled  in  the  East  aliout  tliR  yinis  1325 
—1319,  and  deserilHJS  it  onder  th"  niune  of  Labdii  Jawi  (iosfiiKG  of  .lutii).  Tim 
lattn-  word  was  then  Ihs  nune  of  Sumatra,  and  the  4r!ibE<  'lesi^jatnl  by  it  tlm 
whole  urchipeLkRO,  as  veil  as  the  prmlncts  obtained  from  it,  Tlii'  .\r»bii:  name 
Siadoislly  became  cormpted  into  banjawi,  hvnjai,  bonzui,  ben^oi',  Ii>'ii7<iiii,  am)  in 
English  alw  bonjninin  or  gum  benjamiu,  whiuh  is  now  the  nmiio  in  general 
rommercial  use  (Fliitkiger  and  Uanbniy.  Phannaroffrapkia,  2nd  ed.  y.  403}. 

'  Laser  in  the  name  of  a  Persian  and  Indian  product  on  which  »  tai  was 
imposed  at  the  Itomin  cUBloms-huii.w  in  Alexandria  during  the  secoiid  ccnturr  of 
"M  era.     Bonie  suppose  that  it  was  asii  footiila,  while  henzoe  was  also  called 


eartlien  vessel  to  which  a  cap  of  paper  hds  been  adapted,  or  by 
beating  it  mixed  with  sand  in  a  retort,  and  since  that  time 
fiorea  bemoes  have  been  an  ordinary  pharmaceutical  prepara- 
tion. A  solution  of  the  resin  in  alcohol  was  also  in  use ;  mixed 
with  lead  acetate  it  was  employed  as  a  choice  cosmetic  under 
the  names  of  magisterium.  hemoes  or  lac  virginis.  Ehrenfried 
Hagendom,  a  physician  of  Giirlitz,  in  1671  found  in  this  a  salt 
which  was  identical  with  flowers  of  benzoin,  both  in  smell  and 
taste.  Lomery  in  IfiTo  also  remarked  on  the  acid  nature  of 
this  substance,  saying,  "Us  fiturs  de  bmjoin  mit  nne  aadiU 
fort  agri'aUe,"  a  fact  which  was  further  proved  by  the  researches 
of  Sclieele,  who  showed,  in  1 775,  that  the  flowers  of  benzoin  could 
be  more  economically  obtained  by  digesting  the  resin  with 
slaked  lime  and  water  for  some  hours,  boiling  and  adding 
hydrocldoric  acid  to  the  filtrate;  finally,  Lichtenstein  in  1782 
conclusively  proved  that  thoy  are  an  acid. 

The  correct  composition  of  benzoic  acid  was  determined  in 
1832  by  Liebig  and  Wohler,*  who  showed  that  it  is  a  compound 
of  the  radical  benzoyl,  CjHflO  (p.  89).  Mitscherlich,  on  the 
other  hand,  showed  in  1834  that  it  is  decomposed  Into  carbon 
dioxide  and  benzol  on  heating  with  milk  of  lime,  and  looked 
upon  it  as  a  carbonic  acid  derivative  of  benzol ;  Liebig  opposeil 
this  view,  as  he  considered  the  benzol  to  be  merely  a  product  of 
the  destruction  of  the  benzoic  acid  ;  the  latter  compound  can, 
however,  as  was  shown  somewhat  later,  he  readily  prepared 
synthetically  from  carbon  dioxide  and  benzol,  and  we  can 
therefore  look  upon  it  as  carbonic  acid,  CO(OH)j,  in  which  one 
hydroxyl  has  been  replaced  by  phenyl,  or  as  a  compound  of 
phenyl  with  carboxyl.  The  latter  supposition  corresponds  to  — 
that  of  Berzelius,  according  to  which,  benzoic  acid  is  oxalic  a 
copulated  with  phenyl,  oxalic  acid  being  dicarboxyl. 

Many  varieties  of  benzoin  contain  cinnamic  acid  *  in  additii 
to  benzoic  acid  and  frequently  only  the  former.'  Both  thai 
acids  occur,  either  free  or  in  the  form  of  ethereal  salts,  togethi 
with  other  aromatic  compounds,  in  Tolu  balsam  (p.  1),  Per 
balsam  (concerning  which  Lehmann  had  already  stated  in  his 
Dissertation  de  balsamo pa-uviano  (1709),  that  on  decomposition 
it  yields  flowers  resembling  flowers  of  benzoin),  Mecca  balsam 
{BalsamodendronOpolalmmum  et gileadcnsis),iayTT\\[B. Myrrh(£^ 


'  Ann,  Chem.  Pharm.  iii.  249. 
^  Kolbc  anri  Lantemann,  ibid,  c 
'  Aschoff.  Jahrab.  1861,  400. 


.  136  ;  FlUekigcr,  FharmaaigTaphia 


Uqoid  stvnx.  acaratd  resin  {Xanthorrheo  JuistUis},  dntgon's  blood 
wid  other  re^oa.     Benzoic  nciil  has  also  bet^n  found  iu  Hie  per- 
fume known  as  hilan-Atian  or  itang-Uang,  which  is  pivpiuvil 
bom  the  flowers  of  Unona  od&ratisgima}  as  well  as  iu  plums 
(/Vnniu  dotiuMica  ehltntKorpaf   and   the  cranbeny.'     It  also 
(xmiis  in  YaniU&,  the  fimt  of  the  clove-lree,  the  see<i3  of  the 
ipndle-tree  (ffuonymtts  runpartis)  and  the  root  of  the  sweet 
it%  {Aeorut  caiamua).   &c.      The   coamarin   which   occurs  in 
EUau  odmvtut,  AnthoxaiUhuvi  otitmUum  (sweet-scented  vernal 
gnn),  ^uid   woodruff  was  at   one   time   mistaken  for  benzoic 
add. 

In  the  year  1776,  Rouelle  stated  tliat  the  urine  of  the  cow 

nod  tLe  camel  contains  a  salt  similar  to  flowers  of  beuzoin.  aud 

I        Scheele,  in  1785,  obtained  a  aubstance,  the  properties  of  which 

I       agreed  with  those  of   benzoic  acid,  by  extracting  with  alcohol 

I       the  solid  residue  left  on  the  evaporation  of  urine  and  treating 

'        'he  "soapy  extract"  with  nitric  acid.     Fourcroy  and  Vauque- 

™   found,  in    1797,  that  the   urine   of  graminivora   contains 

*nzoic  acid,  but  Liebig,  in  1829,  showed  that  this  substauce  is 

"  new  nitrogenous  acid,  which  he  named  hippuric  acid,  aud 

"nich  sphts  up  when  the  urine  is  allowed  to  stand,  yielding 

"^Qzoic  acid.     According  to  some  observers,  however,  benzoic 

*^'d  frtiiuently  occurs  along  with  hippuric  acid  in  the  urine, 

*"d  it  has  also  been  found  in  a  gland  in  the  beaver,*  and  in  the 

kidneys  of  the  ox.'     It  is  prolmble   that  in  all  these  cases  the 

*cid  is  formed  by  the  decomposition  of  hippuric  acid. 

It  haa  also  been  observed  as  a  decomposition  product  of 
**rious  alkaloids,  such  as  atropine,  cotoine,  &c,,  and  is  formeii 
'"  SinaU  quantity  by  the  oxidation  of  albuminoids.  It  may  bo 
t'btabed  in  large  quantities  by  the  oxidation  of  those  aromatic 
^ttipounda  which  possess  a  side  chain  containing  carbon 
(Part  III.  p,  12).     It  also  occurs  in  coal-tar.' 

The  various  synthetical  methods  by  which  it  haa  been  pro- 
duced have  already  been  given  (Part  III.  p.  30). 

»95  It  was  formerly  prepared  exclusively  from  gum  benzoin, 
^  the  acid  used  in  medicine  is  still  obtained  from  it  by  sublima- 
^oa ;  it  always  contains  a  small  amount  of  an  ethereal  oil,  which 

'  Gal,  Btr.  Iha'wh.  Chtm.  Ga.  t\.  82*. 

*  Diu;)i(-i'][,  Gnuslin's  Org.  Chem.  v.  832. 

'  Loew,  Juum.  Frnkt.  Chejn.  [2]  xix.  812, 

•  Wobler,  Ann.  Chtm.  Pharni.  livii,  380, 
'  ScligBohn.  Chfm.  Oenlmtbl.  1881,  241. 

■  Sehalie,  £cr.  DeiUxk.  Chtm.  Gts.  iviii.  015, 


^ve8  it  its  peculiar  smell.'     In  order  to  obtain  it  in  this  wan 
the  coarsely  powdered  resin  is  heated  to  alaout  170°  in  a  ff 
iron  vessel ;  this  is  covered  with  filter-paper  and  fitted  with  a 
conical  cap  of  strong  paper,  in  wtiich  the  acid  collects.*     Accord-) 
ing  to  Wohler,  the  gum  benzoin  ia  dissolved  in  an  equal  volumel 
of  absolute  alcohol  aud  fuming  hydrochloric  acid  added  to  the  I 
hot  solution  until  the  resin  commences  U)  separate  out;  itis4 
then  distilled,  water  being  added  at  intervals,  and  the  distillate, 
which  contains  ethyl  benzoate,  warmeil  with  caustic  potash  and 
then  heated  to  boiling  and  saturated  with  hydrochloric  acid. 
Benzoic  acid  separates  out  on  cooling  and  is  found  to  possess 
precisely  the  same  smell  as  the  sublimed  acid.* 

In  order  to   extract  the   acid  from  the  resin  by  Scheete's  . 
method,  it  is  well  mixed  with  an  equal  weight  of  staked  lime, 
repeatedly  boiled    out  with    water,  the  filtrate  evaporated    to^ 
one-sixth  of  its  original  bulk,  treated  with  bleachiag-powdarB 
solution,  and  then  boiled  with  hydrochloric  acid  until  all  I 
chlorine  has  been  removed.     The  acid  separates  out  on  coolii 
and  is  re -crystallized  from  hot  water.* 

It  ia  prepared  from  the  urine  of  cows  or  horses  by  allowing  if' 
to  stand  for  several  days,  clarifying  with  milk  of  lime,  evaporating 
the  liquid  to  one-fourth  of  its  bulk  and  precipitating  the  benzoic 
acid  with  hydrochloric  acid.      Since  the  evaporation  produoestj 
a  very  unpleasant  smell,  it  is  better  to  precipitate  the  esc( 
of  lime  by  carbonic  acid  and  add  ferric  chloride,  to  precipits 
ferric  benzoate,  which  is  then  decomposed  by  hydrochloric  a 
The  acid  thus  obtained  is  purified  by  being  redissolved  in  r 
of  lime  with  the  addition   of  a  little  bleaching-powder  solutioi 
separated  by  hydrochloric  acid  and  re -crystallized  from  hot  vrater.  1 
The  final  product  (addum  heiizoicitm.  ex   urind)  still  smells  of 
urine,  and  is  not  eraployeil  for  pharmaceutical  purposes.     The 
smell  may,  however,  be  disguised  hy  the  addition  of  some  of  the 
Bublimed  acid.      About  two  kilos,  of  acid  are   obtained   froq 
l,0(ltlkilos.  of  urine.^ 

P.  and  E,  Dcpouilly  have  proposed  to  obtain  benzoic  i 
from  phthalic   acid,"  which   is  obtained  hy  the   oxidation  i 


*  Mohr,  Aan.   Chem.   l-hana.  iiU,   117  ;  I^wo,  Jottni.  Frtdd.  C/icv 
7. 

"  Ami.  Cftfla.  Phnrin.  ilin.  215.  •  Sttiihuuse. 

•  Hofmann,  Bcr.  Enta.  Chan.  htii.  ii.  iU. 
'  Jahrcib.  Chem.  1885,  323. 
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PREPARATION  OF  BENZOIC  ACID.  ISft 

DaphthaleTke  and  is  now  manufactured  on  Ihe  large  scale. 
When  its  calrium  salt  is  heated  to  330°- — 350°  with  slaked  lime 
in  absence  of  air,  calcium  benzoate  and  calcium  carbonate  are 
formed : 

2C,H,CCOj),Ca+Ca(OH),=  (CoH,.C02)sCa+2CO,Ca. 

According  (o  the  method  of  Laurent  and  Castelhaz,'  acid 
ammonium  phthalate  ia  converted  into  plithalimida  by  heating, 
and  tliis  is  then  distilled  with  lime,  bonzonitril  being  formed  : 

C— NH 
r.  w  <^   ^O  +  Ca(OH),  =  C.H.CN+CaCO„  4  H„0. 
CO 

The  benzonitril  ia  then  converted  into  benzoic  acid  by  boiling 
with  caustic  soda  solution. 

Benzoic  acid  iannw  generally  prepared  from  toluene  ;  this  may 
be  simply  oxidized  by  boiling  with  dilute  nitric  acid,  but  it  is 
,nore  advantageous  to  first  convert  it  into  benzyl  chloride,*  and 
[lihen  boil  li^O  parts  of  this  with  300  parts  of  nitric  acid  of 
tp.  gr.  1-313  and  200  parts  of  water  for  about  ton  hours  in  an 
apparatua  connected  with  an  inverted  condenser,  until  the 
smell  of  benzyl  chloride  and  benzaldehyde  has  disiippeared,  and 
the  liquid  solidifies  on  cooling  to  a  crystalline  mass,  no  oily 
drops  being  formed.' 

This  method,  according  to  A.  von  Rad,  is  not  adapted  for 
the  preparation  of  the  acid  on  the  large  scale ;  it  can,  however, 
readily  obtained  by   heating   benzotrichloride   or  benzenyl 

loride  with  water  under  pressure :  * 

C^yHs-OCIj  +  2H,0  =  C8Hg.C0jH  +  3HC1. 

Since  it  ia  difficult  to  prepare  pure  benzenyl  chloride,  the  acid 

Itbtained  always  contains  chlorine  substitution  products,  which 

idhere  to  it  very  obstinately. 

Espenschied  proposes  to  boil  benzenyl  chloride  with  milk  of 

—JSme  or  caustic  soda  and  whitening,  and  then  to  proceed  as  in  the 

Rpreparation  of  benzaldehyde  from  bcnzal  chloride  (p.  136). 

'  J-ihrah.  Chrm.  ISrJS,  459. 

-  Grimaox  and  Uilth,  Bull.  Sot.  Chi'a.  vii.  100. 

*  LiingB  anil  Petri.  Scr.  Dnulxk.  Chan,  ffw,  x.  1275. 

•  Dinglcr't  Patyl.  Jomth,  ccxzxL  538. 
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Jaoobsen  obtains  benxoic  acid,  together  with  acetyl  chloride, 
hy  heating  benzenyl  chloride  with  gladal  acetic  acid  and  some 
zinc  chl<Mide : 

C A  OCl,  +  SCH^CO.OH  =  C ACO.OH  +  2CH^COa  +  Ha 

In  orier  to  avoid  the  evolution  of  hydrochloric  acid,  which 
carries  off  acetyl  chloride  with  it,  half  of  the  acetic  add  is 
replaced  by  zinc  acetate. 

Benzoic  acid  can  also  be  prepared  without  the  formation  of 
acetyl  chloride,  by  heating  benzenyl  chloride  with  a  little  acetic 
acid  and  zinc  acetate,  and  gradually  adding  the  amount  of  wat^ 
necessary  for  the  fcMrmation  of  the  acid.^ 

Since  benzaldehyde  is  now  manufactured,  it  can  readily  be 
employed  as  a  source  of  benzoic  acid. 

2096  PropcHies. — It  crystallizes  in  lustrous,  flat,  monodinia 
plates  or  needles ;  by  the  gradual  evapc»ation  of  its  solution  it  i^ 
obtained  in  larger  tablets,  which  however  are  always  thin,  whil^ 
when  Guichard  allowed  a  mixture  of  benzoin  resin  and  carboim 
disulphide  to  stand  for  a  long  time,  tolerably  large  crystals 
were  formed,  which  had  exactly  the  appearance  of  crystals  o^ 
gypsum.* 

Benzoic  acid  has  a  sharp  acid  taste  and  produces  a  peculiar 
irritation  in  the  throat ;  it  melts  at  121•4^  and  boils  at  249**' 
(Kopp),  but  volatilizes  at  100°,  and  sublimes  rapidly  at  140^ 
It  also  volatilizes  with  steam,  one  gramme  passing  over  with 
two  litres  of  water  (Nolting).  Its  vapour  has  an  aromatic,  pene- 
trating odour,  produces  coughing  and  attacks  the  eyes  violently, 
more  mildly  when  it  is  mixed  with  steam.  The  specific  gravity 
of  its  vapour  is,  according  to  Mitscherlich,  4*27;  according  to 
C.  and  V.  Meyer,  who  determined  it  in  diphenylamine  vapour,  it 
is  4*24,'  the  calculated  number  being  4*229. 

1,000  parts  of  water  dissolve :  * 
at    0      10     20     30     40     50      60       70       80       90     100' 
1-70  210  2-90  410  555  7*75  1155  1775  2715  4075  6875 

parts  of  the  acid. 

100  parts  of  absolute  ether  at  15"*  dissolve  31'35  parts ;  100 
part3  of  40  per  cent,  alcohol,  41*62  parts ;   and  100  parts  of 

*  Ber,  Deutsch.  Chem.  Oes.  xiii.  2018. 

»  Ihid.  vi.  468.  »  Ibid.  xi.  2258. 

*  Bourgoin,  Ann.  Chim,  Phys,  [5]  xy.  168. 
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absolute  alcohol,  46'6S  parts  of  benzoic  acid;'  boiling  alcobol 
dissolves  about  twice  this  quantity.  It  also  readily  dissolves  in 
chloroform,  carbon  diaulphide,  volatile  and  fatty  oils  and  con- 
centrated sulphuric  acid. 

I    It  is  charactenstic  of  benzoic  acid  that  certain  impurities,  even 
irben  they  arc  present  in  extremely  small  quantities,  alter  its 
physical  properties  to  a  very  considerable  extent ;  so  largely  in 
hct,  that  the  impure  acid  has  been  mistaken  for  an  isomeride. 
Thus.  E.  Kopp,  by  the  oxidation  of  gum  benzoin  with  dilute 
nitric  acid,  obtained  the  amorphous  parabenzoic  acid  as  a  wliite 
powder,   which   melts   at  113°;   it   is   converted  into  ordinary 
Hwnzoic  acid  by  distillation.^     Another   so-called  isomeric  acid 
^BlBS  named  satylic  acid  by  Lautemaun  and  Kolbe,  because  they 
Hhad  obtained   it   from   salicyUc  acid,  CgH,(OH)COOH.'     The 
latter  was  converted  into  a  chlorine  compound  by  phosphorus 
pentochloride  and  this  was  decomposed  by  water  into  hydro- 
chloric acid  and  eldorosalylic  acid  or  ortliochlorobenzoic  acid, 
CgH,Cl.COjH.     Salylic   a. id   was   obtained   from   this   by  the 
Action  of  water  and  sodium  amalgam.     This  compound  crystal- 
lizes from  hot  water  in  indistinct  needles  or  small  plates,  which, 
on  drying,  form  an  odourless  sandy  powder,  while  the  soft,  light 
plates  of  benzoic  acid  have  a  faint  but  distinct  aromatic  odour. 
When  its  aqueous  solution  is  boiled,  however,  the  characteristic 
^bnell  becomes   perceptibla     It  melts  at  a  lower  temperature 
^^Hian  benzoic  acid,  from  which  it  also   diSers   in   fusing  when 
l^pteated  with  a  quantity  of  water  insufficient  to  dissolve  it,  and  in 
the   iact  that  its   hot,  saturated   solution   becomes   milky  on 
cooling  and  then  again  clear,  crystaJline  flocks  being  deposited. 
Its  salts  also  differ  from  the  benzoates  in  crystalline  form  and 
in  solubility. 

Eekul^  confirmed  these  rcsulta,*andOriessobtaineda  substance 
vhich  lie  found  to  be  identical  with  salylic  acid,  by  decomposing 
Mo-amidobenzoic  acid  suspended  in  boiUng  alcohol  with  nitrogen 
trioxide.'  Kolbe  and  Lautemann  put  forward  the  suggestion 
|i  that  the  isomerism  of  these  acids  was  due  to  a  difference  be- 
i  their  radicals,"  but  Canuizzaro  showed  that  on  distillation 
Prith  caustic  baryta  they  both  yield  the  same  substance,  viz., 
wnzene.' 
The  two  acids  were  then  assumed  to  bo  physical  isomeridca, 

'  Boufgnin  ;  BtiU.  Soe.  Chim.  xax.  242.        '  CoinpC.  Smd,  Chim.  1849,  164. 
'  -*>»ft.  Chem.  Pharm.  cxv.  187.  *  liiil.  cxvii.  158. 

'  IHd.  WTii.  S*.  '  JiiJ.  czv.  ia».        '  Ibid,  anvp\.  i.  1«. 
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until  Reichenbacli  and  Beilstein  showed  that  ealylic  acid  iM 
notldng  but  a  more  or  leas  impure  benzoic  acid.'  If  the  acdd  a 
taincd  from  salicylic  acid  be  subjected  to  distillation  with  ate 
a  perfectly  pure  benzoic  acid  passes  over  which  possess 
correct  melting-point  aud  all  the  characteristic  properties, 
has  confirmed  this  result,  aud  finds  that  his  salylic  acid  conta 
a  small  quantity  of  a  yellow,  resinous  substance,  which  is  i 
volatile  in  steam.  When  some  of  this  is  added  to  a.  hot,  satS'J 
rated  solution  of  pure  benzoic  acid,  the  liquid  on  cooling  deposits 
crystals  of  salylic  acid.  The  admixed  substance  can  be  destroyed 
by  the  addition  of  potassium  permanganate  to  the  hot  solution.* 

The  salylic  acid  obtained  from  azo-amidobenzoic  acid  coa 
tains  a  httle  nitrobenzoic  acid,  as  does  the  benzoic  acid  which  i 
prepared  by  the  oxidation  of  toluene  with  dilute  nitric  acid.' 
When  this  acid  is  distilled,  a  trace  of  the  uitro-compound  i 
tilizes  with  it  aud  prevents  it  from  crystallizing  well,  while  wha 
a  little  of  the  uitro-compound  is  added  to  a  hot  saturated  solutioi 
of  pure  benzoic  acid,  it  becomes  milky  on  cooling  and  depofdti 
flocks,  which  aro  much  more  soluble  than  the  pure  acid  an 
melt  at  a  lower  temperature.  Pure  benzoic  acid  cannot  b 
prepared  from  this  either  by  sublimation  or  re-crystallization,  hn 
the  impurity  can  readily  be  removed  by  dissolving  in  concentrata 
ammonia,  saturating  with  sulphuretted  hydrogen,  lieating  to  \)cai 
ing,  and  then  evaporating  off  the  ammonium  sulphide  on  t 
water-bath.  Hydrochloric  acid  now  precipitates  pure  heazcA 
acid,  while  amidobenzoic  acid  remains  in  solution  (Reichenbad 
and  Beilatein). 

An  admixture  of  cinnamic  acid,  which  melts  at  133'3 
lowers  the  melting-point  of  benzoic  acid  considerably,*  so  that  i 
mixture  of  equal  parts  of  the  two  acids  melts  at  84"3°, 
of  either  acid  raising  the  melting-point." 

Benzoic  acid  is  employed  in  the  manufacture  of  coloui 
matters  and  in  medicine.  It  has  antiseptic  properties,  bu 
exerts  a  more  feeble  action  than  salicylic  acid,"  The  observatiM 
that  craubenies  withstand  fenuentation  aud  putrefaction  bettei 
than  most  other  fruits,  gave  the  clue  to  the  discovery  of  bcnzoii 
acid  in  them. 

1  Ann.  Chtm.  Pharm.  cziii.  309. 
»  Jtrum.  Praia.  Cliem.  12]  xii  151. 
'  Fittig,  Ann.  Chan.  Pharm.  on.  2H. 

*  KoIdb  uid  Lautennaiill,  ^nn.  dirm.  Fhana.  cxix. 
'  KachUr,  Ber.  Devisch.  Chcm.  Ga.  a.  615. 

•  Kolbe  nu.!  v.  Miiyer,  Jdutti.  Ptakr..  Chem.  \i]  xiii. 
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»97  When   benzoic   acid   is  distilled   with   slaked   lime  or 
I  caustic  barjla,   it   ia    decomposed    into   benzene   and   carbon 

I  dioxide  (Mitscherlich),     It  also   undergoes  this  decomposition 

when  heated  with  caustic  soda,^  and  when  its  vapour  is  passed 

3  Wated  pumice  stone ^  or  iron*     Some  diphenyl  is  always 

formed  in  this  way.  and  at  a  very  high  temperature  the  acid  is 

decomposed  with  sepamtion  of  graphite  Eind  formation  of  carbonic 

oride,  carbon  dioxide,  hydrogen  and  dipbenyl,  C,jH,u,*     When 

Its  vapour  is  passed  over  heated  zinc-dust,  it  is  reduced  to  benz- 

aldbtyde.*     Sodium  amalgam  reduces  its  boiling  solution  with 

I  formation   of   benzaldehyde,  benzyl  alcohol,  a  crystalline  com- 

I  poand,  C„H„Og,  and  benzoleic  acid,  C,H,oOj,'  which  is  further 

I  described  below.     On  heatiug  with  concentrated  hydriodic  acid 

t"  275° — 280",  it  is  first  reduced  to  toluene,  but  heptane  and 

"ewne  are  formed  on  further  heating,  the  latter  being  derived 

"Oil  the  benzene,  which  is  formed  by  the  decomposition  of  the 

acid." 

It  is  not  attacked  by  chromic  acid  solution  ;  ozone  converts  it 
"I  alkaline  solution  into  carbon  dioxide  and  water.*  It  is  con- 
^^ted  in  the  animal  organism  into  liippuric  acid  and  appears 
'"  *'his  form  in  the  urine  ;  *  a  portion  is  simultaneoualy  oxidized 
*° succinic  acid,  which  is  also  formed  when  an  aqueous  stJution 
"'oenzoic  acid  is  treated  with  lead  dioxide  and  sulphuric  acid.'" 
^  oiidation  with  manganese  dioxide  and  sulphuric  acid,  Carius 
"DtaJned  carbon  dioxide,  formic  acid,  and  some  phthalic  acid,'' 
'hiXe  Oudemans  also  detected  a  small  quantity  of  the  isomeric 
•er^phthalic  acid."  When  the  solution  of  its  calcium  salt  is 
'^'s'<2-trolyzed,  the  acid  is  not  decomposed  in  a  similar  manner  to 
"**  fatty  acids,  but  the  nascent  oxygen  exerts  an  oxidizing 
'  on,  with  formation  of  carbon  dioxide,  carbonic  oxide,  and 
e  acetyiene.i^ 

^aizokic  acid,  or  Hydrdftiuoic  acid,  C^HjuOj.  is  formed  when 
'iim  amalgam  is  allowed  to  act  on  a  boiling  solution  of  benzoic 

'  Btfth  and  Scttredpr.  Ber.  Davlteh.  Chrm.  Oct.  xii.  S5SS. 
'  BmTMvtiU  and  fiomlaall,  Jeum.  Pham.  Chim.  t.  26C>. 
'  t.  d'Arcet.  Ann*,  frakt.  Chan.  liii.  427. 

*  SohuU,  Ann.  Chan,  ffutrm.  cl«dv.  202. 

•  Bneyer,  ibid.  cxI.  385. 

*  Eolbe,  ^id.  otuL  122  ;  HomiMiiti,  ibid,  cxxxu.  7S. 
'  Bcrthelot,  Jahreib.  Ch«m.  ISItT,  Stt4. 
'  Gorup-Braanez,  Ann.  Chem.  Phann,  nxiv.  207. 

•  WShler,  BentHvJ/  Lthrb.  Ed.  *,  iv.  376  :  see  also  hipporic  iioid. 
"  Hsimier  and  Sbepard,  JaJvTOib.  Chem.  1866,  307. 
"  Aim.  Chem.  Plwrm.  cilviii.  72. 
"  Ztitxhr.  Chrm.  1869.  84. 
"  Benhelot.  Bull.  Sue.  Ckim.  [2]  ix.  103  ;  Boargoin,  ibi-l.  431. 
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SKui,  kydrochlonc  add  bemg  added  at  mterrals  benzyl  akoliol 
aod  a  crystallizie  sabstance,  C^^^^O,,^  are  simiiltaneoiisly  formed. 
Otti>  obtainteii  the  same  acid  6om  kjdrobenzazic  add,'  nod, 
together  with  other  compoands,  bj  the  actkn  of  sodium  amalgam 
OQ  benzoyl  ^vcollk  acid  ^^  165).'    It  is  an  mly  Hqnid,  which  biS 
a  repolaive  otioor  resemUing  that   of  Tal^ianic  acid,  and  is 
rapidly  altered  in  the  air.     When  hydrochlofic  acid  is  passed 
into  its  alcoholic  soladoo,  the  ethyl  ether  is  fonned  and  resembles 
ethyl  valerate,  bat  has  a  sharper  smell ;  in  the  air  the  smeD 
becomes  exceedingly  disagreeable,  and,  since  it  clings  persisteDtly 
to  the  clothes,  increases  the  difficulty  of  the  inreatigatioQ  of  the 
compoand  and  the  free  add. 


SALTS  AND  ETHERS  OP  BENZOIC  ACID. 

2098  Benzoic  acid  decomposes  carbonates  in  aqueous  solati^^ 
but  when  a  current  of  carbon  dioxide  is  passed  into  an  alcob^^^ 
solution  of  potassium  benzoate,  potassium  carbonate  separ^^''^ 
out.     Most  of  the  benzoates  are  soluble  in  water  and  alcol^^' 
some,  such  as  the  sodium  and  barium  salts,  are  withdrawn  ic^^ 
their  solutions  by   animal   charcoal,   and   calcium   benzoate 
decomposed  by  it,  so  that  free  benzoic  acid  can  be  extracted  ^^' 
ether.* 

Potassium  bemoaie,  C^H^KOj+SHgO,  crystallizes   with  di^^ 
culty  in  small  plates  which  effloresce  in  the  air  and  are  vet^ 
soluble  in  water  and  alcohoL 

Sodium  henzoate,   CyH^NaOj  +  HjO,   crystallizes   in  needled' 
which  also  effloresce  in  the  air  and  are  very  soluble  in  alcohol^ 
It  is  used  in  medicine. 

Ammonium  benzoate,  G^'R^i^lS.^O^,  separates  fit)m  a  soIutioi> 
containing    an   excess  of    ammonia   in    deliquescent    rhombic? 
crystals;   it  is  also  employed  medicinally.      Large   crystals   of 
the  less  soluble  acid  salt,  G^YiJi^]1^0^-\-G^'Rfi^,  are  obtained 
by  th(j  gradual  evaporation  of  its  aqueous  solution  (Berzelius). 

Calcium  hcnzoate,  (CyH^O J^Ca  4- SH^O,  crystallizes  from  hot 
wat(;r  in  long  lustrous  needles  which  form  fascicular  aggregates ; 
they  dissolve  in  29  parts  of  cold  water  and  effloresce  in  the  air. 

^  Hcrrmanii,  Ann,  Chem.  PJiarm.  cxxxii.  75, 
«  Ibid,  cxxxiv.  116.  »  Jbid.  cxlv.  850. 

*  li.  Liobermann,  Ber,  Wim,  Akad,  1877,  831. 
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Barium  lertzoak.  {CjUfi^)^Ba.  +  SH^O,  is  only  slightly  soluble 
in  water,  and  crystallizes  in  neeJlea  or  hard,  lustrous  tablets. 

Lead  bemoate,  (CjHjOj),Pb  +  H^,  ia  obtained  by  the  addi- 
tion of  lead  aoetate  to  a,  solution  of  the  potassium  salt ;  it  is  a 
ciystalline,  difficultly  soluble  precipitate. 

Copper  henzoatt,  (CjHjOjjjCu  +  2HjO,  crystallizes  in  light 
blue  plates  united  in  spherical  masses  or  in  needles. 

SilvtT  hcnzoate,  CjHjAgOj,  ia  a  curdy  precipitate,  wluch  is 
solable  in  alcohol  and  crystallizes  h-om  hot  water  in  flat 
needles. 

Mercuric  berizoale,  CCTH505)jHg  +  H^O,  crystallizes  from  hot 
Water  in  needles  which  are  almost  insoluble  in  cold  water. 

ferric  beitzoate,  (C,HsOj)gFej.  Berzelius  obtained  this  salt  in 
yellow  needles  by  dissolving  ferric  hydroxide  in  aqueous  benzoic 
acid  ;  it  is  decomposed  by  water  and  alcohol  with  foniiation 
"f  an  insoluble  basic  salt,  Sestitii  was  unable  to  prepare  this 
'■otnpDund.'  When  a  soluble  benzoate  ia  added  to  neutral  ferric 
ouloride,  a  reddish  yellow  precipitate  is  thrown  down,  which  is 
•'♦^composed  by  washing  with  water  into  a  soluble  acid  salt  and 
•**»  insoluble  basic  salt.  If  the  iron  solution  baa' been  previously 
treated  with  sufficient  ammonia  to  produce  a  dark  red  coloura- 
t^-on,  soluble  benzoates  give  a  voluminous,  hydrated,  flesh-coloured 
precipitate  of  (C,H50j)gFeg(0H)g,  which  is  not  altered  by  cold 
water. 

These  reactions  are  employed  for  the  separation  of  iron  from 
^liaJiganese  and  for  the  detection  of  benzoic  acid  and  its  separa- 
^•^on  from  other  acids. 

Mdhyl  bemoale,  CgHj.CO.OCHg,  is  beat  prepared  by  passing 
'hydrochloric  acid  into  a  solution  of  benzoic  acid  in  methyl 
"Icohol,  distilling,  and  then  precipitating  the  ether  with  water.* 
,  *l  is  a  liquid  "■  which  possesses  an  aromatic  odour  and  boils 
"I  »*  199°. 

Stkj/l  heiizoaie  was  prepared  by  Scheele  aa  long  ago  as  1785,  by 
*1»  distillation  of  a  mixture  of  alcohol,  benzoic  acid  and  hydro- 
cUoric  acid.  It  ia  not  formed  when  an  alcohohc  solution  of  the 
^  is  allowed  to  stand  in  the  cold,  but  the  ether  is  gradually 
iwned  if  a  little  hydrochloric  acid  be  added,  or  if  the  liquid 
w  heated  to  100°.  In  order  to  prepare  it,  the  method  adopted 
fwthe  preparation  of  the  methyl  ether  may  be  followed,  or  tho 
"Wiholic  sohition  of  the  acid  may  be  heated  with  sulphuric  or 

'  Zcitaehr,  Chcm   iv.  StS. 
'  CariaB,  Ann.  Ckem.  P/utrm.  ex.  £10. 
PART  IV.  M. 
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hydrochloric  acicL     It  is  a  liquid  which  has  a  pleasant  aromatic 
smell,  and  boils  at  213^ 

Ethyl  benzoate  is  also  readily  formed  by  the  action  of  benzoyl 
chloride  on  alcohol  (Wohler  and  Liebig),  which  is  more  readily 
attacked  by  it  than  water.  The  presence  of  alcohol  even  in  very 
dilute  aqueous  solution  can  therefore  be  detected  by  warming  it 
with  a  little  benzoyl  chloride  and  removing  the  excess  of  this  by 
caustic  soda;  even  when  only  01  per  cent  of  alcohol  is  present, 
the  characteristic  smell  of  ethyl  benzoate  can  be  distinctly 
recognized  (Berthelot ;  see  Part  I.  p.  318). 

Boiling-point. 

218° 

229-5' 

247-3" 

260r 

306** 

228" 


Isopropyl  benzoate,!  CeHg.CO.OCHCCHj), 
Propyl  benzoate,*  CgHg.CO.OCjHy  . 
Butyl  benzoate,^  CgHgCCOC^Ha  . 
Amyl  benzoate,*  CgHpCO.OC^Hii  . 
Octyl  benzoate,*^  CeHg.CO.OCgH^y  . 
AUyl  benzoate,®  CeHg.CO.OCjH^     . 


Benzyl  hcnzocUe,  CgH5.CO.OCH2.CgH5.  Cannizzaro  obtail^^ 
this  compound  by  the  distillation  of  benzyl  alcohol  with  ben^^ 
chloride  or  benzoic  anhydride.^  It  boils  at  323" — 324",  has  ^ 
sp.  gr.  of  11 227  at  19",  and  solidifies  in  a  freezing  mixture 
lustrous,  compact  crystals,  melting  at  2V?  As  already  mention*-^ 
it  is  also  formed  by  the  action  of  sodium  methylate  on  be?^ 
aldehyde  (p.  93)  and  is  a  constituent  of  Peru  balsam  ®  and 
Tolu  balsam,!^  but  has  not  yet  been  obtained  from  them  in 
pure  state.  If  the  ether  be  submitted  to  distillation  while  it  s- 
contains  water,  it  is  decomposed  with  formation  of  benzoic 
benzyl  alcohol  and  toluene. 

Ethylene  heiizoate,  {Cfi^.CO^fi^^.  Wurtz  prepared  t 
comix)und  by  the  action  of  silver  benzoate  on  ethyl 
bromide  ;  '^  it  crystallizes  from  ether  in  lustrous,  rhombic  prism 
melting  at  67". 

'  Silva,  Ann.  Chem.  Phann.  cliv.  255. 
^  Linnemann,  ibui.  clxi.  28. 
»  Ibid.  clxi.  92. 

*  Rieckher,  ibid.  Ixiv.  33(5. 
»  Zincke,  ibid.  clii.  7. 

^  Hofmaun  and  Cahours,  ibid,  c.  358  :  cii.  297. 
'  Ibid.  xc.  254. 

*  L  Claisen,  private  communication. 
»  Kraut,  Ann.  Chetn.  Phann.  clii.  129  ;  Bcr.  DcxUsch.  Chem.  Ots.  n.  18. 

'0  Busso,  ibid.  ix.  830. 

*'  Jahresb.  Chem.  1859,  676. 

"  JJodewig,  ibui.  1879,  676 


PHENYL  BENZOATE. 


bllowing  propylene  etliera   have   been   prepared  iu   a 
nanner: 

Mi-Iling-poiut. 
lene  benzoate :  ^ 
[^.CO.OCHj 

I  ,  viscous  fluid — 

[j..C0.0CH.CH3 
thylene  benzoate : ' 

!::SS>=.'->ij='j'^»-  ■  •  •    =«• 

hylmethyleim  benzoate ;  ^ 


LCO.ON 


,/CH, 


monoclinic  pyramids  .      69 — 71° 


[b.CO.O/'-'\CHs-' 

i8t  of  these  yields  acetone  ou  saponification. 
\cne  bauoate.  (CoHj.CO.O)jCH.CeHB,  is  formed  by  the 
benzidene  chloride  on  silver  benzoate,  and  crystallizes 
cirent  prisms,  melting  at  50°,* 

snzoic  ethers  of  glycerol,  erythrol,  mannitol,  the  glucoses, 
B  also  been  prepared.^ 

Phmj/t  heTtxoate.  CflH^.CO.OCoH^.  Ettling  and  Sten- 
served  a  compound  among  the  distillation  products  of 
enzoate  which  they  named  benzoic  oxide,  CjHjO."  while 
,  considered  it  to  be  the  radical  benzoyl.'  List  and 
It  then  found  that  it  has  the  formula  C,jHmOj.  and  is 
sed  by  alcoholic  potash  into  benzoic  and  carbolic  acids, 
;  is  a  compound  of  benzoic  acid  and  phenyl  oxide,*  They 
bowed  that  it  is  identical  with  the  beuzophenide,  which 
and  Gerhardt  obtained  by  the  action  of  benzoyl  chloride 


1  benzoate  is  readily  formed  when  benzoyl  chloride  is 
ith  phenol  until  hydrochloric  acid  ceases  to  be  evolved. 
when  phenol  is  heated  with  bcnzamide.'"  It  is  readily 
a  alcohol  and  ether,  and  crystallizes  from  a  mixture  of 
lustrous,  monoclinic  prbms,"  which  melt  at  71°  and 
it  A  higher  temperature.     Its  smell  resembles  that  of 

,  nud  Crafla,  ZcitKhr.   CItrm.  1871,  489  ;  Majer.    Ann.  Chem.  PAimii. 
;  Friedcl  uiil  I^eoburg, 


'  Ibid,  lixivii.  182. 
0  Jhid.  ixtv.  75  ;  liiivli.  IBl. 
'  BorlowLg,  JiiAnKbcr.  1870.  675. 
u  2 


the  geranium.      Chlorine  and  bromine  effect  substitution   in 
the  phenyl  and  not  in  the  benzoyl  group. 

TrinitTopkcnyl  hmzoate.  CoH5.CO.OCeHg(NOj)j.  Gerhardt 
and  Laurent  prepared  this  compound  by  heating  picric  acid  with 
benzoyl  chloride.  It  is  insoluble  in  water,  slightly  soluble  in 
cold,  more  readily  in  hot  alcohol,  and  crystallizes  in  lustrous, 
golden-yellow,  rhombic  plates,  which  detonate  when  heated.' 

Crest/l  bmzoate,   C(,H5.CO.OC8H,.CH3.     The   three 
ethers  have  been  prepared  by  Engelbardt  and  Latschiuow.* 


soil 

ree 
les. 

I 


Orthocresyl  benzoate,  oily  liquid  ...  — 
Metacreayl  benzoato,  crystals  ....  38° 
Paracresyl  benzoate,  six-sided  tablets    ■      70° 

Phenylene  benzoate,  {C^^.CO.O)^^^,  is  also  known  in  three 

isomeric  forms,  which  are  obtained  from  the  dihydroxybenzcDes. 

Melting-poiDt. 

Dibenzoylcatechol,  rhombic  crystals^    .    .    ,      — 

Dibenzoylresorcinol,  scales  * 117° 

Dibenzoylquinol,  silky  needles  * 199° 

Trilienziiylphloroglucitiol,  (Gi,H^.CO.O)figS^  forms  small,  lus- 
trous scales,  which  are  almost  insoluble  in  alcohol.*  The  benzoic 
ether  of  pyrogallol,  according  to  Malin,  does  not  crystallize,  but 
its  dimethyl  ether,  and  two  homologues  of  the  latter  which 
occur  in  the  higher  boiling  portions  of  beech-wood-tar  oil.  give 
very  characteristic  ethereal  salts  of  beuzoyl.'  Since  these  three 
ethereal  salts,  which  are  very  similar  in  their  properties,  can  be 
separated  by  means  of  their  different  solubilities,  they  will  be 
mentioned  here : 

MeltiDg-point  I 
Bcnzoylpyrogallol  dimethyl  ether: 

CBH5.C0.0CflH,(0CHs), 

Be nzoylme thy! pyrogallol  dimethyl  ether : 

C8H,.CO.OCoH,tCHB)(OCHa), .    ...         11 
Benzoylpropylpyrogaiiol  dimethyl  ether ; 
CflH,.CO.OC„HjCCgHj)(OCHj)ij    .    .    . 

^  Ann.  Chan.  Fharm.  Ixiv.  77. 

•  ZeilKkT.   Chem.  18BB,  818  ;  see  alao  Kekule,  Lcr.  DeiMch.  Chan.  Oai.  i 
1007  !  Gnara«Jii,  Ann.  Chein.  Pharm.  cliju.  H2. 

*  N»:bliBaor,  ibid.  tvii.  U3. 

*  MHlta,  ibid,  o^xviii.  78 ;  Diibner,  Ber.  DealKh.  Chan.  Wci. 
»  Dobaer  aad  Wolfl'.  ibid.  in.  Hfil. 

•  Hliwiwpti  nnii  Pfnundlor,  Ann.  Ch~»i.  P/iann.  oxU.  lOB. 
■  Hofmaim,  Bcr.  DculKh.  Chem,  Ocs.  x'u.  1373. 


BENZOTL-LACTIO  ACID.  18fl 

Qtiinonotrivie  henzoate,  CflHjO(NO.CO.C|jHJ,  ia  formed  when 
I  tenzoyl  chloride  is  added  to  sodium  quinonoximate  (Part  III. 
1  p.  172),  which  is  covered  with  pure  ether  or  chloroform.  It 
I.  ayatallizes  in  yellowish  needles,  which  melt  with  decomposition 
—175°,  and  give  Liebermann's  reaction  with  phenol  and 
I  Bulphuric  acid.^ 

MOO  Senzoyl-fflycoUie  acul.  CgHs.C'O.OCHi.COjH,  has  hitherto 

only  been  prepared  from  hippuric  acid  or  bc-nzoylamido-acetic 

I  acid,  by  treating  it  with  nitrous  acid,^  or  by  passing   chlorine 

I  into  its  dilute  alkaline  solution,*     It  crystallizes  from  hot  water 

I  in  thin  tablets  or  large  prisms,  and  decomposes  on  boiling  with 

water,  or  more  rapidly  with  dilute  mineral  acids,  into  benzoic 

and  glycollic  acids.     Otto,  by  the  action  of  sodium  amalgam  on 

its  aqueous  solution,  obtained  benzoleic  acid  (p.  159)  and  two 

other   isomeric    acids  which   have   not    yet   been   thoroughly 

iovestigated. 

£lhyl  bcuxoyl-glycollate,  C^^.QO.OCYi^COf,^^.  Andrejew 
•obtained  this  substance  by  heating  ethyl  chloracetate  with 
Sodium  benzoate ;  it  ia  a  liquid  which  boils  at  277° — 279°,  and 
decomposea  into  alcohol,  benzoic  acid  and  glycollic  acid,  when 
"<*iled  with  alcoholic  potash.* 

£cKoyl-lactic  acid.  CH3(CH.0.C0.CBHj,)C0aH,  is  formed 
''■'hen  lactic  acid  is  heated  to  180°  with  benzoic  acid/  as  well  as 
"y  the  action  of  benzoyl  chloride  on  lactic  acid  or  calcium  lac- 
**te.i  It  separates  from  a  hot,  aqueous  solution  in  tablets  or 
^^edles,  melting  at  112°.  On  boiling  with  water  or  a  dilute 
**^  it  is  decomposed  into  lactic  and  benzoic  acids. 

JEthj/l  lenzoyl-lactate,  CioHgO^.CgHs,  is  formed  by  the  action  of 
|*eiizoyI  chloride  on  ethyl  lartate,  and  by  heating  silver  benzoyl- 
**«1ate  with  ethyl  iodide.  It  ia  a  Uquid  which  boils  at  288°, 
***d  is  decomposed  into  lactic  acid  and  ethyl  benzoate  by  heating 
■*ith  water  to  150°. 

Benzoyl  compounds  of  tartaric  and  racomic  acids  have  also 
o^en  prepared.^ 

euUA.  Chent.  Qcs.  jtvii.  Silfl. 

;  StTecker  nnd  Sokolow,  ibid.  Im. 

■  OoMDuuin,  ibid.  xdx.  181.  «  Jhid.  omiil  26i. 

Slreckeruid  Sokolow,  fce.  at.  ;  Strecker,  ibid.  icL  359. 
Wulicenos,  Hid.  cxxxiiL  261. 
'  DtwHwnoB,  Jahraber.   1857,  307  ;  Perkin,  Jim.   Chcm.   Pkarm.  Sunr.l.  r. 
"  « ;  Annliutx  and  Pietct,  £«■.  AniiacA.  Chum.  Oct.  xiii.  1178. 
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OXIDES  OF  BENZOYL. 

2101  Benzoyl  oxide,  or  Benzoic  anhydride,  (CgHg.CO)^©,  was 
discovered  by  Gerhardt  in  1853.  He  first  prepared  it  by  heating 
benzoyl  chloride  with  sodium  benzoate,  and  named  it  anhydrous 
benzoic  acid  or  benzoyl  benzoate  ;  ^  he  subsequently  foimd  that  it 
can  be  more  simply  obtained  by  the  action  of  phosphorus  oxy- 
chloride  on  an  excess  of  sodium  benzoate,  a  portion  of  this 
being  simultaneously  converted  into  benzoyl  chloride.*  Phos- 
phorus pentachloride  *  or  chloride  of  sulphur  *  may  be  employed 
instead  of  phosphorus  oxychloride.  It  is  also  formed  in  small 
quantity  when  benzoic  acid  is  heated  with  phosphorus  pent- 
oxide,^  and  in  larger  amount  by  heating  benzoyl  chloride  to 
140^—150°  with  barium  opcide,«  or  to  160"*— 220°  with  benzoic 
acid.^  Gerhardt  had  already  found  that  it  may  easily  be  ob- 
tained by  the  action  of  benzoyl  chloride  on  potassium  oxalate : 

Kfifi^  +  2CeH5.COCl  =  (CeH5.CO)20  +  2KC1  +  CO  +  CO^. 

Anhydrous  oxalic  acid  may  be  advantageously  employed  instead 
of  the  potassium  salt ;  the  reaction  takes  place  at  50** — 60**  ac- 
companied by  a  regular  evolution  of  gas,  and  80  per  cent,  of  the 
theoretical  yield  is  obtained,  together  with  some  unattacked 
chloride  and  benzoic  acid.®  Finally,  it  can  (ilso  be  obtained  by 
heating  benzenyl  trichloride  with  silver  oxide,  or  with  concen- 
trated sulphuric  acid  containing  4*6  per  cent,  of  water  :  * 

2aH5.cci3  +  3H,o  -   *  ''    "^o  +  enci 

CeH,.CO/ 

Anhydrous  oxalic  acid  may  be  substituted  for  the  sulphuric 
acid : " 

2CaH5.CCls  +  30sO,Hj  =  (CeH5.CO)20  +  3HC1  +  SCO  +  3C0,. 

'  Ann,  Chem.  Phann.  Ixxxii.  127.  *  Ibid.  Ixxxvii.  73. 

'  Wander,  Jwim.  Prakt.  Chem.  Ixi.  2S0. 

•  Heintz,  Pogg.  Ann.  xcviii.  458. 

»  Etard  and  Gal,  Bull.  Soe.  Chim.  xxv.  342. 

•  Gal,  Ann.  Chem.  Pkarm.  tixxviii.  127. 

7  Anschiitz,  Ber.  DctUscH.  Chem.  Oca.  x.  1882. 

•  Ibid. 

»  Janssen,  ibid.  xii.  1496,  Patent  30  Oct.  1878  (Xo.  6689). 
*®  Anschiitz,  ihid.  ccxxvi.  20. 


BENZOIC  ANHYDRIDE. 


Benzoic  anhydride  crystallizes  in  rhombic  prisms  (Bodewtg), 
melting  at  42°;  it  boils  at  360°  (ADScbUtz),  and  is  tolerably 
soluble  in  alcohol  and  ether.  It  is  scarcely  attacked  by  cold 
wil«r,  but  when  he-ated  with  water  it  gradually  forms  benzoic 
aciil,  and  with  alcohol,  ethyl  benzoate.  When  ht^ated  in  a 
Mraimof  hydrochloric  acid,  it  decomposes  into  benzoyl  chloride 
and  benzoic  acid.'  Chlorine  and  bromine  exert  a  similar  action, 
mlwtitalion  products  being  simultaneously  formed. 

Beimyl  acttyl  oxide,  CHj.CO.O.CO.CeHj.     Gerliardt  prepared 

Ibis  comi»»iuid   by   the    action   of  acetyl   chloride   on   sodium 

™iMalc,  and  named  it  anih^ilroHS  be)isoic  acetic   acid}    It  ia 

s  buavy,  oily  liijuid,  whicli  lias  a  pleasant  smell  Ukc  that  of 

"/tttiish  wine,  is  gradually  attacked  by  water,  more  rapidly  by 

"mHs,  and  is  completely  decomixwed  by  distillation  into  benzoic 

*'J''ydride  and  acetic  anhydride.*     It  is  also  fonned  when  ben- 

?*'<^  arid  is  heated  to  220°  with  acetic  anhydride.*    According  to 

^"'■,  an  anhydride  is  obtained  by  the  action  of  benzoyl  chloride 

**"  Sodium  acetate,  which  differs  from  that  prepared  by  Gerhardt's 

''^tJioJ  in   yielding   acetyl  chloride  when  heated  with  hydro- 

'*'ofic  acid  to  130°,  wliile  Gerhardt'a  compound  is  first  attacked 

,  *■  1  60',  with  formation  of  benzoyl  chloride.''     This,  however,  is 

'^^^'^iinite,  and  Greene  has  shown  tliat  the  compound,  in  what- 

fc  ^*^«'  way  it  13  prepared,  behaves  in  exactly  the  same  manner 

^^^*"ards  hydrochloric  acid,  the  same  products — acetyl  chloride  and 

tic  acid,  benzoyl  chloride  and  benzoic  acid — being  formed  as 

the  case  of  the  anhydrides  themselves," 

A  number  of  other  mixed  anhydrides  are  now  known,  which, 
**«-«3  the  foregoing,  decompose  on  distillation  into  benzoic  an- 
J^y^Jride  and  another  simple  anhydride,'  and  must  therefore  be 
-  ****l(ed  upon  rather  as  mixtures  than  definite  compounds. 
■  ^^tzcgl  dioxide,  nr  Beiuoyl  jieroxidr,  (C„Hj.CO)jOj,  waspi-epared 
,  y  Brodie  hy  the  action  of  benzoyl  chloride  on  barium  dioxide  ; 
Separates  from  ether  or  carbon  disnlphide  in  rhombic  crystals, 
"'ch  melt  at  1035°,  <Ietonate  when  more  strongly  heated,  and 
^^n  boiled  with  caustic  potash  are  converted  into  benzoic  aciil 

r^l*  evolution  of  oxygen.* 
\  UcHlitiK,  -*«n.  CTirm.  Phtm.  cwiii.  303,  -  Il.ul.  Imrii.  81, 

■  AnMbuU,  liW,  BoiiTL  12.  •  Ibiit. 

-  -rfim.  Chim.  Phyi.  [B]  iviii.  132. 
£atl.  Sec.  Chim.  xxxiii.  <24. 
1,      Ocrluirdt,   Ann.   Chrm.  Phana.   Kxiii.  127;  Ixixvii.   IDS;  Cliiozm,   ibUI. 
'*«iv.  ion  :  Ixxxvi.  359  ;  ChioMn  bbcI  Materbn,  i6u/.  xa.  102. 

j*mt,  Chem.  Fluirm.  cviii.  80  ;  Lippniann,  iltmalah.  Chrm.  v.  56n. 
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HAI.OGEM  COMPOUNDS  OF  BENZOYL. 

2Zoa  Benzoyl  chloride,  C,H5.C0Cl  was  discoYered  in  1832  by 
Wohler  and  Liebig;  thej  obtained  it  by  the  action  of  diy 
dilofine  on  pare  oil  of  bitter  ahnonds,  and  describe  it  as  a  traofl- 
parent  liquid  the  Tapour  of  which  violently  attacks  the  eyes,  and 
has  a  peculiar,  very  penetrating  odour  resembling  the  sharp  smell 
of  h<»rse-radish.^    Cahours  then  prepared  it  by  the  action  of 
phoephOTUs  pentachloride  on  benzc»c  acid,*  Gerhardt  by  that  of 
phosphorus  oxychloride  on  sodium  benzoate,'  and  B^champ  by 
heating  benzoic  acid  with  phosphorus  trichloride/    Friedel  sub- 
sequently observed  its  formation  when  hydrochloric  acid  is  passed 
over  a  mixture  of  benzoic  acid  and  phosphorus  pentoxide  heated 
to  200^^  this  being  an  impcHrtant  general  method  for  the  forma- 
tion of  acid  chlorides.     Hamitz-Hamitzky  stated  that  it  might 
also  be  obtained  by  exposing  a  mixture  of  carbonyl  chloride  and 
benzene  vapour  to  the  action  of  sunlight,*  but  Berthelot  was 
unable  to  confirm  this  statement,^  although  it  is  undoubtedly 
formed    in   this   way   when   aluminium    chloride    is    present, 
(p.  30)  « 

It  also  may  be  obtained  by  heating  benzenyl  trichloride  with 
anhydrous  oxalic  acid : 

CeH5.CCl,  +  CfiJS^ = CeH5.coa + 2Ha+C0,+C0. 

Benzoic  anhydride  is  also  formed  in  this  reaction.  In  order 
to  prepare  the  chloride,  a  mixture  of  two  molecules  of  phosphorus 
trichloride  with  three  molecules  of  benzoic  acid  is  heated  imtil 
hydrochloric  acid  ceases  to  be  evolved,  water  is  then  added  and 
the  oily  liquid  which  separates  purified  by  distillation ;  accord- 
ing to  another  method,  benzoic  acid  is  heated  with  one  molecule 
of  phosphorus  pentachloride,  and  the  mixture  distilled,  the  dis- 
tillate consisting  at  first  of  phosphorus  oxychloride  mixed  with 
a  little  benzoyl  chloride,  followed  by  pure  benzoyl  chloride.  The 
phosphorus  oxychloride  is  then  employed  for  a  further  prepara- 
tion by  being  heated  with  sodium  benzoate,  an  excess  of  which 

<  Afonaish,  Chem.  iii.  262. 

«  Ibid.  Ix.  251.  8  iiid  Ixxxvii.  63. 

<  Jmm,  Prakt,  Chem.  Ixviii  489.  »  Bull  Soc,  Chim.  ii.  80. 

•  Ann,  Chem,  Pharm,  exxxii.  72.  '  Bull,  Soc,  Chim,  xiii  9,  892. 

•  Ador,  Crafts  and  Friedd,  Bcr,  Deutsch,  Chem.  Ges,  x.  1854. 


r  B&NZOTL  CHLORIDE.  ISO 

mast  be  avoided,  B&,  otherwise,  some  benzoic  ULhydride  would 
be  f<:aiited.  The  crude  chloride,  prepared  by  either  of  thcfio 
methods,  is  freed  from  adhering  chlurides  of  phosphorus  by 
treatment  with  cold  water,  and  is  then  purified  by  distillation. 

ProiKTiia.— It  is  a  strongly  refractive  bquid,  which  fiifties  in 
the  air,  has  a  sp.  gr.  of  1*2324  at  0°  and  sotidifies  when  cooled  in 
crystals  melting  at  — 1°.  It  boils  at  108° ;  its  vapour  attacks 
ibe  lungs  and  mucous  membrane  very  violently.  It  is  gradually 
ilecouiposed  by  cold,  more  rapidly  by  hot  water,  with  foriiialjou 
of  benzoic  and  hydrochloric  acids ;  it  is  rapidly  converted  into 
ecliyl  benzoat«  by  alcohol,  and  the  other  alcohols  produce  a 
amilar  reaction.  Since  it  undergoes  double  decoui position  so 
readily,  it  is  largely  employed  for  the  preparation  of  other 
l«tizoyl  derivatives ;  many  examples  of  this  have  been  already 
given  and  others  will  be  met  with  in  iJie  sequel.  It  is  also 
employed  to  a  considerable  extent  in  the  same  way  as  acetyl 
chloride,  for  determining  the  number  of  hydroxyl  groups  cou- 
tained  in  carbon  compounds. 

Oerhardt  and  Laurent  found  that  the  compound  CgHj.CHO  + 
CgHj.COCl  is  formed  by  the  action  of  chlorine  on  benzaldehyde ; 
this  substance  is  insoluble  in  cold  alcohol,  crystallizes  in  lustrous 
pla-tes,  is  decomposed  by  distillation  into  its  components,  and  by 
boxling  with  water  into  hydrochloric  acid  and  beuzaldehydo- 
benaoic  acid  j '  the  latter  compound  corresponds  to  the  ethidene- 
cbloracetin  (Part  II,  p.  72)  obtained  in  a  similar  manner  from 
ftc^^taldehyde,  and  is,  therefore,  hemidem  beneochlorokydrin  : 

.01 
C.H..CH< 

\OCO.C,H(. 

Sewoy/  bromide,  CoH^.COBr.  Wohler  and  Liebig,  by  the 
*<^on  of  bromine  on  oil  of  bitter  almonds,  obtained  a  crystalline 
cotDpound  which  they  looked  upon  as  benzoyl  bromide.  Tins 
substance  was  subsequently  shown  by  Claisen  to  be  benzidene- 
beiizobroraohydrin ;  this  chemist  then  prepared  benzoyl  bromide 
■■J'  heating  three  molecules  of  benzoic  acid  with  two  molecules 
"'  phosphorus  tribroraide ;  it  is  a  transparent,  colourless  liquid, 
"^  ail  odour  resembling  that  of  the  chloride,  but  fumes  more 
strongly  in  the  air,  is  more  readily  attacked  by  water  and  boib  at 
218°-  219°,*    It  combines  with  benzaldehyde  to  form  the  oom- 

'  Mraber.  CKtm.  1850,  i89.  =  Bcr,  Dattteh.  Cum.  Oe*.  xiT.  2478. 
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pound  just  mentioned,  benzidene  benzobromohydrin  or  bromo- 
benzylbenzoatey  CgHg.CHBr.O.CO.CgHg,  which  crystallizes  from 
boiling  petroleum  ether  in  short  prisms  or  thick  tablets,  which 
melt  at  69** — 70**  and  are  decomposed  by  distillation  into  their 
components.  Patem6  obtained  the  same  compound,  together 
with  ethyl  bromide,  benzyl  bromide  and  benzaldehyde,  by  the 
action  of  bromine  on  ethyl  benzoate,  but  considered  it  to  be 
benzoyl  bromide.^ 

Benzoyl  iodide,  CgHg.COI.  Wohler  and  Liebig  obtained  this 
compound  by  heatiixg  the  chloride  with  potassium  iodide  as  a 
colourless,  foliated,  crystalline  mass,  which  readily  melts,  a  little 
iodine  being  set  free,  has  a  penetrating  odour  and  is  decom- 
posed by  water  and  alcohol     It  has  not  been  analyzed. 

Benzoyl  fluoride,  CQHg.COF.  Borodin  prepared  this  compound 
by  the  distillation  of  the  chloride  with  acid  potassium  fluoride, 
FgHK,  in  a  platinum  retort.  It  is  a  heavy,  oily  and  colourless 
liquid,  which  boils  at  161*5**,  has  a  still  more  powerful  odour 
than  the  chloride,  and  is  decomposed  by  water  into  benzoic  and 
hydrofluoric  acids.^ 


SULPHUR  COMPOUNDS  OF  BENZOYL. 

2103  Thiohenzoic  add,  CgH5.CO.SH.  Cloez  obtained  salts  of 
this  acid  by  the  action  of  benzoyl  chloride  on  potassium  sulphide 
and  double  decomposition  of  the  potassium  thiobenzoate  thus 
formed  with  other  metallic  salts.^  The  compound  which  he 
separated  from  the  potassium  salt  and  looked  upon  as  thio- 
benzoic  acid  proved  to  be  benzoyl  disulphide.  The  free  acid  is 
obtained  by  decomposing  the  potassium  salt  with  dilute  hydro- 
chloric acid ;  a  yellow  liquid,  smelling  of  sulphur  compounds, 
separates  out  and  soon  soUdifies  to  a  crystalline  mass,  melting  at 
24**,  which  decomposes  on  distillation  but  is  volatile  with  steam. 
It  is  readily  oxidized  to  benzoyl  disulpliide,  this  action  taking 
place  even  when  its  alcoholic  solution  is  evaporated  in  the  air.* 

Potassium  thiobenzoate,  CeH5.CO.SK,  crystallizes  from  alcohol 
in  yellowish  tablets  or  prisms,  and  is  very  readily  soluble  in 
water.     The  silver  salt  is  a  yellowish  white,  and  the  lead  salt  a 

'  Oaz,  Chim.  Jt-nL  i.  5SC.  '  Ann  Chem.  Phami.  cxxvi.  60. 

•  Ibid.  cxv.  27. 

*  Ens^elliardt,  Latschinow  and  Malyscliew,  ZcHschr,  CJicm,  1SG8,  853. 
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s  precipitate ;  both  of  these  readily  blacken  aud  decompose, 
sulphate  gives  a  greenish  yellow  precipitate  which  after 
s  time  becomes  red  and  then  contains  benzoyl  diaulpbide  : 
;  chloride  yields  a  violet-brown  precipitate  which  becomes  ■ 
low  on  warming. 

"ikyl  thidifTaoaU,  CaHs.CO.SCjHj,  is  formed  by  the  action  of 

jyl  chloride  on  lead  mercaptide,  Pb{SCjH3)j,'  and  of  ethyl 

Ede  on  silver  thiobeozoate.     It  is  a  yellow,  repulsive  smcll- 

[  liquid,  which  boils  at  242°— 243°  and  is  decomposed   by 

'nation  with  caustic  potash  into  benzoic  acid  and  ethyl 

lulphide,  while  potassium  hydrosulpliide  yields  the  latter 

IDpouod   and  thiobenzoic  acid.     It  ia  oxidized  by  potassium 

mganate  and  dilute  sulphuric  acid  to   benzoic   acid   and 

pylsulphonic  acid.^ 

~~  myt  tkioberuoale,  CgHs.CO.SC^Hj,  is  obtained  by  heating 

zoyl  chloride  with   phenyl   hydros ulphide."     It  crystallizea 

n  alcohol  or  benzene  in  long  lustrous  needles,  melting  at  56°. 

"    ii/l  tkiobenwate,   CaH5.GO.S.CH5.C6H5,  is  readily  soluble 

"  alcohol  and  benzene,  and  forms  lustrous,  asymmetric  crystals, 

nelung  at  39*5°.    Its  behaviour  towards  reagents  resembles  that 

nf   the  ethyl  ether* 

^tiaoyl  sulphide,  or  ThiiAenzoic  anliydride,  (CaHj.CO)jS,  was 
obtained  by  WShler  and  Liebig  in  an  impure  condition  by  the 
distillation  of  benzoyl  cldorido  with  lead  sulphide.  It  is  pre- 
pao^d  by  treating  potassium  thiobenzoate  with  benzoyl  chloride 
(Ecgelhardt,  Latschinow  and  Malyschew).  It  crystallizes  from 
etlier  in  large  prisms,  which  melt  at  48°  and  decompose  on 
"Instillation,  When  heated  with  ammonia  it  yields  benzaraide 
***"'  thiobenzoic  acid  ;  the  latter  is  also  formed  by  the  action  of 
potassium  hydrosulpliide,  while  benzoic  acid  is  obtained  in 
"Edition  when  caustic  potash  is  employed. 

Sensoj/l  (lisitlphide,  {C(|Hj.CO)jSj,  is  fonncd  by  the  oxidation 
"i  thiobenzoic  acid  and  by  heating  benzoic  anhydride  in  a  stream 
™  dry  sulphuretted  hydri^en.^  It  is  prepared  by  adding  a 
solution  of  iodine  in  potassium  iodide  to  an  aqueous  solution  of 
P^taeaiiim  thiobenzoate.  It  is  only  slightly  soluble  in  alcohol 
wkI  ether,  and  crystallizes  from  hot  carbon  disulphide  in  lai^e 


'  Tntdchew,  Jakmber.  Chcm.  1863,  iSS. 

*  Betknisnn,  Joam.  Prakl.  Chan.  [2]  XTtl  *flj 
■  BchUIuraiid  Otto,  Ber.  DeiiUch.  Chan.  Bat.  i 

*  Lntinra  anil  Otto,  ibid.  liii  1285. 

*  Uosliiig  Ann.  Chcm.  Pharm.  cxviiL  301. 
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prisma  or  six-sided  tablets  which   melt  at  128°,  and    become 
coloured  violet-red  at  a  slightly  higher  temperature. 

DithioltTame  acid,  CgHg.CS.SH,  is  formed  in  small  quantity 
when  benzoyl  chloride  is  heated  with  lead  sulphide.     It  ia  more 
easily  obtained   by  treating   benzenyl   trichloride  with   a  ve^H 
dilute  alcohohc  solution  of  potassium  sulphide  :  *-  ^H 

CeH,.CCI.  -f-  2K,S  =  CoHs.CS.SK  +  3KCI.  ■ 

Acetate  of  lead  first  precipitates  lead  sulphide  from  the 
solution  obtained,  and  then  the  lead  salt  of  the  acid,  which  is 
finally  decomposed  by  hydrochloric  acid.  It  is  a  dark  violet-red, 
heavy,  oily  liquid,  which  gives  a  carmine-coloured  solution  in 
ether,  and  rapidly  forms  a  resinous  mass  when  exposed  to 
the  air. 

Zead  dUhiohfJizoak,  (CoH5.CSj)jPb,  is  a  vermilion-coloured 
precipitate,  which  crystallizes  from  boiling  xylene  in  fine,  red 
needles. 

Benzoyl  thiocyanaU,  C0H5.CO.S.CN,  is  obtained  by  the  action 
of  benzoyl  chloride  on  lead  thiocyanate  in  the  cold.  It  is  a 
yellow  Uquid  which  has  a  penetrating  odour  resembling  that  of 
bitter  almonds,  and  can  only  be  distilled  without  decomposition 
in  a  vacuum*  It  combines  with  ammonia,  forming  benzoyl 
tbiocai-bamide,  (CeHj.CO)HN.CS.NITj,  and  is,  therefore,  probal " 
benzoyl  mustard  oil,  CeHj.CO.N.CS. 


NITROGEN  COMPOUNDS  OF  BENZOYL. 


1 


3104  JieTizamidc,  CgH^.CO.NHj.  Wohler  and  Liebig  obtained 
this  compound  by  the  action  of  benzoyl  chloride  on  ammonia. 
and  I'ehiing  subsequently  prepared  it  by  boiHiig  hippuric  acid 
with  water  and  lead  dioxide.^  Dumas  found  that  it  is  also 
formed  when  ethyl  benzoate  is  brought  into  contact  with  aqueous 
ammonia,  the  reaction  taking  pliice  more  rapidly  wheo  the 
mixture  ia  heated  to  100.°*  It  ia  also  formed  by  a  similar 
reaction  from  benzoic  anhydride,* 

1  Engelhsrdt  and  LntBthinow,  ZcUtthr.   Chem.  1E6S,  4G6  ;  nee  ilso  Fleisuhor, 
Jnn.  Chem.  Pharm.  cxl.  SIO. 
=■  Miquol,  Ann.  Chim.  Fhyt.  IE]  xL  300. 

'  Fehling,  Anil.  Chem.  Pharm.  xxv.  48  ;  Suhwara,  ibid.  Ixxv.  IBB. 
*  Compi.  Efnd.  xxv.  734. 
»  Schcitz,  Marsh  nod  Oeutlipr,  Zcilschr.  Clitra.  186S,  302. 


BESZAMID& 


Hfe  order  to  prepare  it,  benzoyl  chloride  is  triturated  with  solid 
HiUHiiuiii  chloride,  the  product  washed  with  cold  wat«r,  and 
TyxtaUized  from  hot  water  or  alcohol ;  ^  or  equal  molecules  of 
benzoic  acid  and  ammonium  thiocjaoate  may  be  heated  to  150° 
— ITO',  carbonyl  sulphide,  ammonia,  sulphuretted  hydrogen  and 
carbon  dioxide  being  evolved,  wliile  beozamide  remains  behind 
•nd  only  requires  to  be  freed  from  benzoic  acid  by  washiug  with 


i  slightly  soluble  in  cold,  more  readily  in  hot  water, 
loally  when  it  cont^ns  ammonia,  and  dissolves  readily  in 
t  alcohol  and  ether.  When  its  aqueous  solution  is  rapi<lly 
1,  it  separates  out  in  small  plates,  while  ou  more  gradual 
ig  it  ia  deposited  in  fine  needles,  which  gradually  change 
klarger  crystals.  The  latter  are  also  obtained  by  allowing  a 
e  of  ethyl  benzoate  and  ammonia  to  stand,  or  by  gradually 
g  the  fused  compound ;  they  consist  of  well-formed,  mono- 
ie  tablets,'  melting  at  128°.*  It  boils  at  286°— 290°,  a  small 
1  being  decomposed  into  water  and  benznnitril,  CgHj.CN. 
I  latter  compound  may  be  readily  prepared  from  it  by  simply 
J  with  a  dehydrating  agent;  Wohler  and  Liebig  liad 
rved  that  when  heated  with  caustic  baryta,  an  oily,  aromatic 
id  having  a  sweet  taste,  was  formed,  and  that  it  might  also 
iljtained  by  passing  the  vapour  of  the  compound  through  a 
4ot  tube.  This  substance  was  afterwards  recognized  as  the 
bmitril  discovered  by  Fehling  in  the  year  1844.* 

3  not  decomposed  by  heating  with  dilute  alkalis ; 

n  it  is  boiled  with  strong  caustic  potash  or  hydrochloric  acid 

I  into  anmionia  and  benzoic  acid,  and  on  boiling 

li  phenol,  ammonia  and  phenyl  benzoate  aie  formed."     When 

dwith  ethyl  nitrite  to  120°,  the  following  reaction  takes 

.1 

^.CO.NH,+  NO.OC^Hj  =  CflHs.CO.OaH^-l-  H^O  +  N^. 

ito   solution   in    aqueous    ether   he    treated   with    sodium 
and   kept   neutral   by  the   addition   of  hydrochloric 
benzyl  alcohol  ia  formed.* 

'  drharft,  Chim.  Org,  iii.  2fl8. 

'  KekuU,  Scr.  DetUaefi.  Chem.  Oa.  tL  113. 

»  Kluin,  Ann.  Chem.  Fliattn.  clxvi  184. 

•  Schiir  mid  Tassiniiri,  Ser.  DniOch.  Chtin.  Oca.  i.  1785. 

'  Wdhler.  Ann.  Chtm.  Pkarm.  wtcii,  353. 

'  GuoToschi,  ibid,  olxxi.  HI. 

'  Msyar  nod  Stiihor,  ihid  clxv.  188. 

■  Gnueschl,  Ber-  Ikuiich.  Cketa.  Oes.  \\\.  1462. 
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It  ia  coav^^rted  into  ^^^1'"^^  hy  the  actzoa  of  bffomiiie  in 
alkaline  solution,  just  as  acetamide  in  mmilar  circiimstttioes 
yields  methylamine  (p.  11^). 

Rmmmide  hydrrxJUorids,  CaH5.CO.3rB5.CIH,  is  Ibrmed  by 
disBolving  benzamiiie  in  hot  concentrated  hydrochloric  tnoA} 
or  by  paarang  hyfirochloric  acid  into  a  mixtore  €i  equal  mole- 
coles  of  benzonitril  and  water.^  It  crystalline  in  long  {lisms, 
which  rapidly  lose  acid  in  the  air. 

Jfercuric  henzamidey  (CaH5.COJrH)2Hg,  ki  {vepaied  by  dis- 
solving mercuric  oxide  in  a  hot,  aqaeoos  ac4ntion  ot  b^izamide;' 
on  cooling  the  Iii|iiid,  a  aemi-solid  crystalline  mass  is  formed, 
which  is  obtained  by  re-crystaUizatiixi  from  akohoi  in  plates 
melting  at-  SflT — 224^* 

3x05  Benzoyl  derivatims  of  ctminea  aaid  (Mmidihhaaes  are  formed 
by  the  action  of  benzoyl  chloride  on  the  latter : 


Dimethvlbenzamide :  * 

Heltiitg- 
point. 

Boiling- 
point 

CgH5.C0.N(CEy..  large  crystab 

.  41°— 42" 

255"    25r 

Diethvlbenzamide :  • 

C.H5.CO.N(C3s)..  liquid  .    .    . 

• 

28(r— 28? 

EthylenebeiuEamide :  ^ 

(C4H5.CO  NH).CJl4,  needles    . 

.      240'' 

B^nzanilide,  or  Btnzoylaniline,  C^5.N(CO.C^H5)H.  Gierhardt 
obtained  this  compound  by  the  action  of  benzoyl  chloride  on 
aniline,^  and  Leuckart  found  that  it  is  also  formed  when  phenyl 
isocyanate  is  treated  with  benzene  in  presence  of  aluminium 
chloride.^  It  is  insoluble  in  water  and  crystallizes  fix>m  alcohol 
in  nacreous  plates,  which  melt  at  1G0° — 161**,^*  and  volatilize 
without  decomposition  at  a  higher  temperature.  It  is  not 
attacked  by  boiling  aqueous  acids  or  alkalis,  but  yields  aniline 
and  benzoic  acid  when  it  is  fused  with  caustic  potash.     Concen- 

*  Deasaigncji,  Ann.  Chem.  Pharm.  Ixxxu.  234. 

^  Pinner  and  Klein,  Ber.  Deutsck,  Chcm,  Gcs.  x.  1896  ;  xi.  10. 

'  Dessaignes,  loc.  eit, 

Opnenheim,  Bcr.  Deutsch.  Chem.  Gcs,  vi.  1392. 

Hallmann,  ibid.  ix.  846. 

Ibid. 

Ilofinann.  ibid.  v.  246  ;  Kraut  and  Schwartz,  Ann,  Chem.  Pharm,  cczxiiL  48 
Ibid.  Ix.  311  ;  Ixxxvii.  164. 
Her.  Deutsch.  (Jliem.  Oca.  xviii.  873. 
*<>  Wollach  and  Hofmann,  Ann.  Chcm.  Phann,  clxxxiv.  80. 
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I  mtric  acid  converts  it  into  the  three  isomeric  heru^yl- 
mniiiiua.  C6H,(NOJN(CO.CoH5)H : 

Melticg-paiDt. 
Ortho,'  long,  light  yellow  needles  .    -  9+° — 95° 

Meta,'   plates lo.i  5° 

Para,'    small  prisms 199" 

!  two  latter  are  converted  by  reduction  into  the  corre- 
iding  benzoyldiamidobenzenes,  CflH^lNHJNfCO.CaHs)!!, 
e  the  ortho-compound  forms  pheDylenebenzamidine, 

l^nIIj.C,,  yf^B^i.  *  substance  which  will  be  subsequently 

'lescribed. 

Melting  point. 

Benzoylmethylaniline  ;  * 

C,HsN(CO.0aHJCH^  small  monoclinic  crystals       59° 
Benzoyldiphenylamine :  * 

(C^JjN(CO.CaHJ,  rhombic  needles     .    .    .  17C°— 177° 
Benzoylorthotuluidc :  ^ 

(C,H,.CHs)N(CO.C„H^H.  needles     ....  142°— 143" 
^Benzoylparatoluide  .^ 

(CbH..CHs)N(CO.CoHs)H,  long  needles     .    .       155° 

a  306  MdhylenediheTuamidc.C^iO^^-OO.C^n^^.    By  beating 

bii>puric  acid,  C^HgNOj  (p.  181),  with  lead  jjcroxide  and  dilute 

aulpliuric  or  nitric  acid,  Schwarz  obtained  a  cryataUine  substance, 

"tiicli  lie  extracted  from  the  product  by  alcohol.     This  dissolves 

in  concentrated  sulphuric  or  nitric  acid  without  change,  and  is 

oal  J  attacked  by  oxidizing  agents  with  difficulty  and  he  therefore 

c*il«i  it  hipjiaraffin  (ivwoi;,  panim  afBnis).     Its  analysis  led  to 

ll»e  formula  CigHj^NjOj."     Maier,  who  also  pifiparcd  it,  assigned 

to  it  the  composition  CgHjNO,  and  found  that  another  crystal- 

liiie  substance,  Mpparin.  CgHoNOj,  is  obtained  in  its  prepara- 

tion,'"    Schwarz  subsequently  resumed   his  investigation,   and 

Afiwed  that  the  latter  compound  is  ethyl  hippurate  ;  by  heating 

'  Vfsaa,  BtT.  IfeuteeA.  CActb.  Cm.  ii.  774  ;  Sehwara,  iUd.  i.  1709. 

'  Bell,  ibid.  Tii.  498  ;  Huooer,  ibUl.  i.  1716. 

'  Stov^,  Sttd.  vii.  463  snd  1314. 

'  C,  i.  BtII,  ibvi.  Tii.  497  anil  1S04  ;  SeDnewsId.iiiJ.  ll.  775  i  StuTur,  be.  eit. 

'  Hepp,  ibid.  I.  237. 

*  Hofnmnn,  Ann.  Chtm.  Pharm.  oxiiii.  166  ;  Berathsen,  ibid,  cxoil  13. 

'  Brfieluicr,  ibid.  eev.  230. 

'  Kelbc,  £tr.  DaiUaeh.  Clmm.  fha.  viii.  675. 

■  Anv.  Chtm.  Pharm.  Ixxv.  201. 
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hip{«raffin  with  water  to  ITO"" — ISC',  he  obtained  benzamide 
and  a  sub^ance  which  gave  the  reactions  of  an  aldehyde,  and 
which  he  identified,  in  spite  of  some  differences  in  its  properties, 
with  the  ethylenedibenzimide  which  he  had  obtained  by  tiie 
action  of  phosphorus  pentoxide  on  a  mixture  of  aldehyde  and 
benzamide.^  Kraut  and  Schwarz,  however,  found  that  it  is 
actually  identical  with  methylenedibenzamide,*  which  had  been 
obtiuncvl  by  Hepp  and  Spiess  by  the  action  of  concentrated 
sulphuric  acid  on  a  mixture  of  methylal,  CH^COCH^,*  ^^ 
benzouitril.' 

It  is  insoluble  in  cold,   slightly  soluble  in  hot  water,  and 
crystallixes  from  alcohol  in  bushy  aggregates  of  needles,  melting 
at  S^S'*.     It  is  decomposed  on  boiUug  with  32  per  cent,  sulphuric 
acid,  with  formation  of  ammonia,  benzoic  acid  and  formaldehyde. 

£th  Utnedil^HZii  m  Uir,      CH3.CH(NH.C0Gell6V       Limpriclit 
obtainovl  this  compound  by  the  action  of  benzoyl  chloride  oii 
aldohydo-iuunionia,*  and  Nencki  by  that  of  benzamide  on  alAo- 
Imlo  cvnitaiuing  a  few  drops  of  hydrochloric  acid.*     It  is  prepare^ 
by  abiding  first  jvinUdohyde  and  then  benzonitril  to  weU-cool^^ 
sulphuric  acid,  and  diluting  with  water  after  some  hours  (Hef>T 
and  Spiess).     It  crystalUzes  from  alcohol  in  long,  white  needl^^* 
which  molt  at  204*'  and  sublime  without  decomposition.     It    ^ 
docv>ni|x>sod  by  fuming  nitric  acid  into  aldehyde  and  benzamid^* 

7>i7yiicami'</<\  Ny^CO.C^Hj^jH,  was  prepared  by  Baumert  ^^^^^  \ 
Lamlolt,   togi^thor   with   benzamide,  by  the   action  of  ben^^^^ 
chloride  on  }x>t{\ssium  amide.*    Barth  and  Senhofer  found  t 
it  is  rojulilv  formovl  when  benzonitril  is  treated  with  a  mixti^ 
of  sulphuric  acid   and  phosphorus   pentoxide ;    the  solution 
allowiHl  to  stand  for  some  hours  and  then  diluted  with  wat^ 
which  slowly  precipitates  the  compound  in  crystals :  ^ 

2CeH,.CN  +  2H,0  =  (C«H,.CO),NH + NH,. 

It   is  also  fonneil   when   lophine,  which   is  obtained   by    tl^^ 
dn'  distillation   of  hydrobenzamide,  is  treated  with  a  solutia^ 
of  chromium  trioxiilc   in  acetic  acid,  it  being  thus    smoothly 
converteil  into  benzamide  and  dibenzamide  :  ® 

C2iHieN,+ 20 + H,0  =  C7H,O.NH3+  (C7H,0)2NH. 

»    jrien.  Aka4l.  Ber,  Ixxvii.  762.  «  Ann.  Chcm,  Pharm.  ccxxiii.  40. 

»  Ber.  DciUsdi.  Chcm.  Oes.  ix.  1424.  *  Ann.  Chan.  Pharm.  xcix.  119. 

*  Bcr.  DnUsch,  Chmi.  Gts.  vii.  159.  «  Ann.  Chem.  Pharm.  cxi.  5. 

'  Ber.  IkxUsch.  Chem.  Ocs.  ix.  975,  1073.    »  E.  Fischer  and   Proschke,    ibiiL 

xiiL  708. 
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It  sepaiates  from  dilute  alcohol  in  loDg,  tliiu  needles,  which 
melt  at  148°,  and  decompose  at  a  higher  temperature,  giving  off 
an  udour  of  benzaldehyde.  It  ia  almost  insoluble  in  cold  and 
scarcely  soluble  in  hot  water,  but  dissolves  readily  in  ether, 
chJ'jroforra  and  benzene,  from  the  last  two  of  which  it  separates 
'O  rhombic  crystals.  On  boiling  with  caustic  potash  it  decom- 
r*oees  into  benzoic  acid  and  ammonia. 

It  dissolves  readily  in  dilute  caustic  soda,  the  solution  when 
concentrated  depositing  small  glittering  needles  of  the  com- 
pound (CjH^O)jNNa;  it  also  occurs  in  short,  distorted  prisms 
*^oi»taiiiing  half  a  molecule  of  water,  which  is  lost  at  120°. 
^^e  solution  gives  a  precipitate  with  silver  nitrate,  consisting 
***"  CO^HjO)^N  Ag.  and  is  also  precipitated  by  other  metaUic  salts, 

Sehafer.  by  heating  bc-nzamidc  in  a  stream  of  hydrochloric 
^*^(1,  obtained  a  compound  which  he  considered  to  be  dibenz- 
^niifit  hydrate  (G,HsO),NH  +  2H,0;  it  crystaUizes  in  small 
t**ate8,  which  melt  at  09°,  and  do  not  lose  water  at  a  higher 
*^n»perature,  but  decompose  into  benzoic  acid  and  benz- 
^ncude.'     This  substance  is  evidently  acid  ammonium  benzoate, 

J>ibe!uanilidc,  (fl^R^.CO),'SG^U,.  Qerhardt  and  Chiozza  ob- 
'^i'ltd  this  compound  by  the  action  of  benzoyl  chloride  on  benz- 
^liliJu.  It  crystallizes  from  alcohol  in  fine,  lustrous  needles, 
^tticjh  melt  at  137°  and  sublime  when  more  strongly  heated.' 
^y  heating  benzoic  acid  with  phenyl  mustard  oil.  Losanitscb 
""t^ned  a  crystalline,  foliaceous  mass  of  a.  dibeuzanilide,  melt- 
'"gr  at  155°.'  Steiuer,  on  the  other  hand,  who  prepared  it  by 
^^'•hardt's  method  and  also  by  heating  triboiizhydroxylaminc, 
^COC,H50)(C,HsO)j,  found  the  melting-point  of  both  preitara- 
"•^tistobe  101°.' 

^hioijfmamide.  C^Hj.CS.NHj,  was  prepared  by  Cahours  by 
P**siiig  sulphuretted  hydrogen  into  an  alcohohc,  ammoniacai 
^Imion  of  henzonitril : 

CflHj.CN  +  SH,  =  C^Hj.CS.NHj. 

^stallizes  from  hot  water  in  long,  yellow  needles,  melting 
at  ll7».  when  heated  with  water  and  mercuric  oxide,  it  is  recon- 
"^^rted  mto  benzonitril,  while  it  is  reduced  to  benzytamino  by 

'  Anf.  Chem.  Pharm.  rlxix.  111. 

•  BeiUtdn,  Org.  Chan.  1101. 

•  Ann.  CIvmi.  Phtna.  Iitivii.  302. 

•  Brr.  Dritt3fh.  Cfiem.  Gen.  vi.  171. 
'  Ann.  Chan.  Phann.  cluviii.  2aE. 
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zinc  and  hydrochloric   acid.^     Iodine  acts   upim   its   alcuholic 

solution  in  the  following  manner : 

2C,H,SN  +  21,  =  C„H,oSNj+ 4HI  +  S. 

The  compound  obtained  in  this  way  crystallizes  from  hot 
alcohol  in  lustrous,  snow-wliite  needles,  which  melt  at  90°  and 
distil  without  decomposition  at  a  higher  temperature.  It  is  a 
very  stable  compound,  and  is  not  altered  by  being  lieated  to  150° 
with  hydrochloric  acid,  sulphuric  acid  or  tolerably  concentrated 
nitric  acid.  On  boiling  with  caustic  potash  it  is  gradually  con- 
verted into  benzoic  acid,  ammonia  being  evolved.  Zinc  and 
hydrochloric  acid  reduce  it  in  alcoholic  solution  to  the  base, 
CijHjiNj,*  which  is  isomeric  with  etheuyldiphenylamidine 
(Part  III.  p.  217)  ;  benzene  and  benzonitril  arc  simultaneously 
formed.'  It  crystallizes  in  small  plates,  melting  at  71°,  is  a 
mooacid  base  and  fonns  an  alkaline  solution  in  alcohol. 

TkwhenzamlulC;  or  ritenylthiobemamide,  CjHj.CS.NfCjH^jH, 
is  formed  when  benzanilide  is  heated  with  phosphorus  penta- 
sulphide*  and  crystallizes  from  alcohol  in  thin,  yellow  tablets  or 
prisms,  melting  at  97o° — 985°. 

mphnylikiobenxamide,  CflHB.OS.N(CoHj)j,  is  formed  when 
asymmetric  diphenylbenzenylamidine  is  heated  to  130° — 140' 
with  carbon  disulphide : 

C(,H6.CCNH)N(CoHs)j  +  CS,  =  CoHj.CS.N(CbH^),  +  CNSH. 

It   crystallizes   from   solution   in   benzene  or  alcohol   in   dark 
yellow,  asymmetric  prisms,  melting  at  150° — 151°." 

ai07  Bc.«ii»/l  urea.  ChHs.CO.NH.CO.NHj.  Zinin  obtained 
this  compound  by  heating  urea  to  150° — 155°  with  benzoyl 
chloride ;  *  the  anhydride  may  be  substituted  for  the  chloride  iu 
this  reaction.^  The  monobenzoyl  urea  crystallizes  from  alcohol  in 
long,  thin  plates,  which  melt  atabout  200° and  decompose  into  benz- 
amide  and  cyanuricacid  when  carefully  heated  beyond  this  point. 

Symmetric  ethylbenzoyl  urea,^ CO  j  »q H  roO  H  '  i^®'^!^^- 
Asymmetric  ethyl- 1   ^^  JNH^_ 


benzoyl  urea,* 


■  t  n(<:jHjco.c„Hb' ' 
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HoFmann,  Bi-.r.  Dntlxh.  Chan.  Hai.  i,  11)2,  '  Ibid. 

Wanstmt,  Viid.  tL  S36.  •  Borat 

BernthsoD,  Ann.  Chan.  Ptuina.  m-'u.  S7.  *  /'ml. 

Gwothor,  ScheiU  anil  Murali,  ZrilKchr.  Clum.  1S88,  SOS. 
Lencknrt,  Joiira.  Pmkt.  Chtin..  [2]  oi.  83  ;  Miiiiiel,  Ai 

"  Ui'aan.  ./cmra,  PT»tl.  Chcm.  [2] 
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DIBENZOYL  UREA.  173 

Dibenzfftfl  nrrn,  CO(NH.CO.CoHs),,  is  formed,  together  with 
hydrochloric  acid,  carbon  dioxide,  ammonium  chloride,  benzoic 
acid  and  benzonitril,  when  beuzamidc  is  heat.eii  to  1G0° — 170° 
with  carbonyl  cUoridi!,'  and  also  from  guauidine  and  benzoic 
anhydridt^  at  IOC:* 

NH,  NH.CO.C.H. 

I  /CO.C^H,  I 

C=NH,+  0<  =NH,+CO 

I  ^CO.C.H,  I 

NH,  NH.CO.CaH^. 

It  crystallizes  from  alcohol  in  needles  melting  at  210°,  ajid  is 
decomposed  by  boiling  with  strong  acids  into  carbon  dioxide. 
ammonia  and  benzoic  acid,  while  dilute  caustic  potash  solution 
converts  it  into  benzaiuide  and  carbon  dioxide. 

Benzyl  tkio-urea,  CaHsCO.NH.CS.NHj,  is  formed  when  tldo- 
urea  is  heated  with  benzoyl  chloride  '  and  by  the  action  of  dilute 
ammonia  on  benzoyl  thiocyanate.*  It  crystallizes  from  dilute 
alcohol  in  small  prisms  which  have  a  very  bitter  taste  and  melt 
at  171°. 

Miquel  has  prepared  the  foUowiug  compounds  by  the  action 
of  benzoyl  thiocyanate  on  amines  and  amido-bases  : 


Ethylbenzoyl  thio-urea : 

p^rNH.CO.C,H,  fi„..  Prisms 

MdI  ling- point 
134° 

rhenylbenzoyl  thio-urea : 

US"— 149'' 

Benzylbenzoyl  thio-urea ; 

„„  /  NH.CO.C.H,           „ 

lib' 

Panvtolylbenzoyl  thio-urea : 

165° 

Btnzoylphenylhydrazine,  CgHj.NH-NHCCO.CBHJ.     In  order 

to  obtain  this  compound,  two  molecules  of  phenylhydrazine  are 

.  dissolved  in  five  times  their  amount  of  ether,  the  solution  cooled 


*  iliqui'l,  A«».  Chim.  Phya.  [5]  xi.  313. 
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-nsis  "uLmmcar  ^cif  s  %  oDfnlised  oompound  of  benzoic 
i£  kiiL  r'.*~"^'^'»L  Lsa^smi^  ss  w«  pointed  out  by  Berzelius, 
•grr^  idE^mino.iL  iiiifees^  liX,  3L  ^^e  kttst  aocoont  for  the  action  of 


!iiaiwir;un  Arriai:^  wir^  i^  deieniuiiaticm  of  the  consti- 

'SBZutL  :cLziiwznr»2a£i"»f3aMetTSiiecker/ who  found  that  it  is 

{viL^rsed  If  Tifti^  ATGi.TL  cif  3ziiv«s  acid  into  benzojlglycoUic  acid 

7.  I^  .  Y^iisra  -ra^  TXi.T^  di^i^  init^est^ted  bj  him  in  conjunc- 

ru.  :>:^:u:i«^  TL^  oM&|Kmkd  mssumes  the  elements  of 
fr  joii  $7tr;5  X7  rrv  Hblk^t  aoi  and  gijcoUic  acid,  and  must, 
'nll;r^;^«-rf .  >f  .-«,-iX25a5fi^£  u^  a  ccfvilated  compound  of  these,  its 


IVfssi»2ir3>f«^  xi:<«^  <ai3j!a^xE3^  10  prepare  hippuric  acid  arti- 
ic!aLl>r  >5  irttiau:  c-^vrwil  wiA  benaorl  chkmde,  but  without 
«kv*;^5Si   i>f  inn  rtt  «c^  ii?  ttihzne  to  the  evohition  of  hydrochloric 
actii  Jh23C  rii»;~rt9:cv  ^:«Qrnctie^  tiie  xznc  salt   of  glycocoll,  zinc 
a3£:^.X'^^a.-\f•^JM<^.  joii  ?:<c3»d  ikai  hippuric  acid  is  slowly  fonned 
wieoL  Sfcj-v  yl  cii.ioS*  »  aijow^  to  act  upon  this  in  the  cold, 
assets  rfcri»i>r «  1:^:^  *   He  aiso  obcained  it  subsequently  by  heat- 
13!^:  Srcj^^-  ac&i  wii  c^^■vvvxl  10  160*,*  and  Jazukowitzsch  pre^ 
pUYC  it  Vt  tR-yfciiry:  vi>.^«fcV«ic  acid  with  benzamide ;  *  the  yielA 
w*Sv  Vk^w^  vtr.  $r.:.i^l  v^wir;^  10  the  formation  of  free  hydrochloric^ 
acii     Tbc^^   syti^bo*::?  diuuly   pr>Ted   that    hippuric    acid  t^ 

CH^NH,  CH^XH.CO.C,H. 

-  HOa\>.0,H,  =  +H,0. 

OOOH  CO.OH 

OHjOl  CH^XH.CO.C.H. 

I  +  Nlltt\XO,H.=  i  +B.CI. 

CO.OH  CO.OH 

It  is  also  fonneil.  together  with  other  products  which  will  be 
subsequently  mentioned,  fiwm  benzoyl  chloride  and  silver  amido- 
acetate*  and  verv  reaililv  when  glvoocoU  is  heated  with  benzoic 
anhydride '  or  when  benzoyl  chloride  is  added  to  a  concentrated 
aqueous  solution  of  the  former.* 

Liebig  detected  it  in  human  urine,  about  1  grm.  being  excreted 

*  Ann,  Chem,  Pharm,  Ixyiii.  54.  '  Ibid.  Ixxx.  17. 

«  Ibid.  Ijucxvii.  325.  «  Jahresber.  Chem,  1857,  867. 

»  Zeitsehr.  Chem.  1867,  466. 

•  Joum.  Prakt.  Chem.  [2]  xxiv.  239  ;  xxvi  145. 
'  Curtius,  Ber.  Deutwh,  Chem.  Ges.  xvii.  1662. 

"  Banm,  Zeitsehr.  Physiohg,  Chem^  ix.  465. 


perdiem.'  According  to  Weismann  it  is  formed  moro  freely  during 
n  Yrg^table  than  an  animal  diet*  and  according  to  Buchcck 
it  is  not  invariably  present.^  Pettenkofer  foua<l  1*3  [ht  cent,  of 
Ji  the  urine  of  a  girl  suFfering  from  St.  Vitus'a  diinco,  wliose 
diet  consisted  exclusively  of  apples  and  bread ;  the  amount 
decTtased  aa  soon  as  meat,  was  again  taken.* 

Lehmann  observed  its  occurrence  during  diabetes,  even  before 
LieUg  had  detected  its  presence  in  normal  human  urine,'  and 
since  that  time  it  has  frequently  been  observed  in  large 
quantities  in  diabetic  urine.  It  also  occurs  largely  in  the  acid 
urine  of  persons  suffering  from  fevers  of  every  kind." 

Liebig,'  and  Dumas  *  a^umed  that  fresh  horses'  urine  contains 
hippuric  acid  which  is  converted  into  benzoic  acid  on  standing. 
Tiie  former  subsequently  stated  that  horses  and  bullocks  excrete 
liippiiric  acid  when  they  are  allowed  to  remain  idle  for  some 
time,  and  benzoic  acid  when  they  are  working  to  the  full  extent 
of  their  powers  •  and  Erdniann  and  Marchaud  found  i"  that  the 
iiiine  of  carriage  liorses  usually  contains  the  former  and  that  of 
plough  horses  the  latter.  Lehmann,  however,  who  investigated 
"le  urine  of  a  large  number  of  horses,  both  sound  and  diseased, 
*ell  and  badly  fed,  found  only  hippuric  acid  without  exception, 
Provided  that  the  urine  had  not  been  allowed  to  stand  too  long 
^  the  air.  After  standing  for  a  considerable  time,  and  especially 
*ft^r  the  formation  of  ammonia,  only  benzoic  acid  is  present, 
^ing  formed  by  a  special  ferment.  When  such  urine  was  added 
***  a  sample  of  the  fresh  material,  containing  hippuric  acid  alone, 
••^e  latter  decomposed  on  evaporation  and  only  benzoic  acid  could 
^*^n  be  detected.^'  Roussin  found  a  large  quantity  of  urea  but 
""^  hippuric  acid  in  the  urine  of  Arab  stallionB,  which  did  not 
^^Ork  but  were  kept  for  breeding ;  that  of  others,  which  were  used 
'^^  the  Spahis  for  riding,  contained  little  urea,  but  0'5 — 1  per 
^nt.  of  hippuric  acid ;  in  one  sample  of  urine  which  was  jtassed 
^fW  a  long  journey  the  amount  rose  to  1*4  per  cent.,  and  0'78 
**«r  cent,  was  fouind  in  that  of  omnibus  horses.^* 

Stiideler  found  about  lo  per  cent,  of  hippuric  acid  in  cows' 

'  Baum.  Ztibvkr.  Phytiolog.  Chem.  cTi.  164. 

'  Jahrctber.  Chrm.  1868,  672.  '  finulln.  Org.  Vh-nn.  v.  332. 

*  Ann.  Chem.  rhnrm.  111.  86.  "  Juum.  Prikt.  Clirm.  vi.  113. 
'  Qmelin's  Onj.  Chem.  v.  33i.  '  Ann.  Cheja.  Phunn.  xxx.  2S0. 
■  Jnn.  Chim.  Phyn.  Ivil.  331. 

*  Aim.  Chem.  Pharm.  iJi.  272 ;  Oryan.  Chan,  in  AnmMiung  auf  Phya. 
■1*d  Pathol.  liEtiv. 

'•  Joan.  PniM.  Chem.  iivi.  491.  "  Onifliu,  r>r^n.  Chem.  T.  832. 

'  Comjtf.  rend.  ilii.  583. 
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uriiie,^  and,  acconling  to  Hallwachs,  a  cow  passes  more  than 
50  grms.  of  the  acid  during  twenty-four  hours.*  Kraut  observed 
that  cows  which  are  allowed  to  graze  give  more  hippuric  acid 
tlian  those  which  are  stall  fed,^  while  only  traces  are  formed 
when  they  are  fed  on  spent  grain  from  a  distillery.^ 

In  the  urine  of  cows  fed  on  oat-straw  and  wheat-straw,  witb 
the  mldition  of  some  beans,  2*1 — 2*7  per  cent,  was  found,  while 
that  of  cattle  feil  on  bean-straw  and  clover  contained  only  04  per 
cont^.  and  when  onlinary  meadow  hay  was  given,  1*4  per  cent^ 
The  urine  of  sucking  calves  contains  uric  acid  but  no  hippuric 
acid  (Wohler).     The  latter  occurs  in  the  urine  of  sheep,  goats, 
hares,  rabbits,  and  elephants  (Schwarz).     Schwarz  found  it  in 
very  cimsidorable  quantity  in  the  urine  of  a  camel,  the  sample 
Knng  very  oi^noent rated,  as  only  four  ounces  were  passed  during 
the  dav.  and  Lehmann  detected  it  in  the  urine  of  the  tortoise 
{Testmio  f^nui^i).     Pettenkofer  observed   its  occurrence  in  the 
scurf  which  is  for  met!  on  the  skin  during  the  rare  disease  known 
as  ichthiosis  *  and  J.  Da\'y  found  it  in  butterflies,  moths,  and 
their  chrvsalivles  and  excrt>ments.^ 

The  urine  of  dogs  also  contains  a  small  quantity  of  the  acid 
even  during  an  exclusively  meat  diet  or  after  long  fasting,^ 
while  it  has  never  been  found  in  the  urine  of  pigs.® 

axoQ  Ure  was  the  first  to  make  the  important  observation 
that  the  urine  of  a  patient  who  has  taken  benzoic  acid  contains 
a  large  amount  of  hippuric  acid.*^  Wohler  had  previously 
suggosUni  that  benzoic  acid  is  changeil  to  hippuric  acid  in  the 
organism,  for  he  had  found  in  the  urine  of  a  dog  to  which  half  a 
drachm  of  benzoic  acid  had  been  given  an  acid  which  he  mistook 
for  benzoic  acid,  but  which  he  sul>sequently  found  to  be  identical 
with  the  hippuric  acid  discovered  by  Liebig.*^  Under  his  direc- 
tions Keller  conducted  a  research  on  the  subject,  taking  2  grains 
of  benzoic  acid  in  the  evening  and  repeating  the  dose  three  times 
daily  during  the  following  days.  His  urine,  which  now  possessed 
a  strongly  acid  reaction,  contained  a  considerable  amount  of 
hippuric  acid,  and,  as  Wohler  says,  "  since  benzoic  acid  seems 

*  Ann.  Chem.  Phann.  Ixxvii.  17.  '  Ibid,  cv.  209. 
'  Ch4i7n.  Ccntralbl,  1858,  831. 

*  Schwarz,  Ann.  Chem.  Pharm.  liv.  81. 

*  Henneberg,  Stohmann  and  Rautenberg,  ibid,  cxxiv.  201.  •  Ibid,  xc  378. 
^  New  Edinb.  Phil.  Joum.  xlv.  17. 

®  Salkowski,  Ber.  DexUseh.  Chern.  Gcs.  xi.  500. 

*  Boussingault,  Ann.  Chim.  Phys.  [3]  xv.  97  ;  von  Bibra,  Ann.  Chem.  Pharm. 
liii.  98. 

'«  Repcrt.  Pharm.  xxvii.  642. 

"  Beraelius,  Lthrb.  Chem.  1831,  iv.  876. 


HlPPUmc  ACID.  lit, 

Tiot  to  affect  the  healtb,  large  ()uantitie3  of  hippuric  acid  might 
:  o.idily  be  prepared  in  this  manner,  the  only  requisite  being  a 
:ii:m  who  would  continue  the  manufacture  for  weeks.^  These 
<>l>3ervations  were  confirmed  by  Garrod,"  Scliwarz  and  others; 
^farrhand  found  39  2  gmina  of  hippuric  acid  in  hia  urine  after 
eating  30  grains  of  benzoic  acid,* 

Many  other  compounds,  which  are  converted  into  benzoic  acid 
by  oxidation,  are  changed  into  hippuric  acid  by  their  passn^ 
through  the  organism ;  such  are  benzaldehyde.*  cinnamic 
acid,*  CoHs-CH^CH.COjH,  hydrocinnamic  acid  or  phenylpro- 
piouic  acid,"  C6H5.C,H,.C0sH,  phenylglycollic  acid,'  CoHj,,CH 
(OH)COjH,  -luinic  acid,*  C,H,(OH)jCOjH,  and  even  toluene." 
The  substitution  products  of  benzoic  acid  appear  in  the  urine  as 
the  corresponding  derivatives  of  hippuric  acid ;  thus  phenylacetic 
acid,  CgHs.CH^COjH, gives  plienylaceturic  acid";  salicylic  acid, 
C,Hj(OH)COjH,  ia  convert^l  into  salicyluric  acid,"  and  toluic 
acid,  C,H((CHj)CO,H,  into  tohiyluric  acid;"  phthalic  acid, 
however,  remains  unchanged."  It  follows  from  this,  that  the 
monobasic  aromatic  acids,  and  hydroxy-acids,  combine  with 
glycocoll  with  elimination  of  water  in  their  passage  through  the 
organism. 

After  Liebig  had  discovered  hippuric  acid,  he  raised  the  ques- 
tion whether  it  must  he  considered  as  a  compound  of  benzoic 
acid  with  an  unknown  compound  body,  or  as  a  peculiar  acid  by 
the  decomposition  of  which  benzoic  acid  is  formed,  just  as  osalic 
and  formic  acids  are  formed  when  sugar  or  starch  is  treated  with 
nitric  acid.  He  decided  for  the  latter  view,  and  says:  "The 
first  view  ia  rendered  improbable  by  the  fact  that  I  have  been 
iinabU  to  prepare  even  the  slightest  trace  of  Iienzoic  acid  from 
horses'  fodder,  which  is  the  source  of  their  urine,  even  if  this 
acid  be  contained  in  Antkoxanthum  odorrit urn  and  ffolcusodoratus, 
*w  found  by  Vogel,  its  identity  being  rendered  doubtful  by  its 

'  Ann.  Chan.  Fharm.  iliii,  inS. 
'  Fha,Mag.  «.  BOI, 

*  Jmtm.  Praia.  Chtm.  hit.  800. 

*  Frerioba  nnd  Wohlct.  Anii.  Chrm.  Phtirm.  liviii.  898. 
'  £nIiiiBnn  and  Marchund,  Jbwrn.  Fratct.  Chem.  xxvi.  *91. 
'  E.  and  H.  Snlkowmki.  Bit.  JMiitich.  Chem.  Oa.  lii.  853. 
'  rJrabe  and  Schaltnm,  Ann.  Chem.  Pkarm.  cxlii.  340. 

■  Nanrnn  and  SchulliMi.  ZeilKhr.  Chtm.  1868,  20. 

"  E.  aii.t  H.  8»lko«.ki,  Im.  (it. 

"  Bcrtognini,  Aa%.  Chan.  FAartn.  xcvii.  319, 

"  Knnt,  aid.  xcviii.  360. 

"  Grube«i>d  Sohnlticii,  loe.  cil. 
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different  crrstaUine  form."  These  fragrant  grasses  were  after- 
wanls  foun<l  to  contain  not  benzoic  acid  but  coumarin,  C^H^O^, 
which    is    the    anhydride    of    orthohydroxyphenylacrylic  acid, 

After  it  ha^l  been  proved  that  benzoic  acid  and  allied  sub- 
stances are  converted  into  hippuric  acid  in  the  organism,  it 
seemed  probable  that  that  occurring  in  the  urine  of  graminivora 
would  be  derived  from  benzoic  acid  or  other  benzoyl  compounds 
occurring  in  the  fodder.  Hallwachs,  therefore,  investigated  the 
chief  grasses  and  plants  in  question,  but  was  unable  to  detect  the 
slightest  trace  of  benzoic  acid  or  any  other  compound  which 
could  yield  hippuric  add;  he  also  showed  that  coumarin  and 
chlorophyll,  which  might  be  looked  upon  as  allies  of  the  benzoyl 
series,  pass  through  the  organism  unchanged.^ 

O.  Loew  found,  however,  that  quinic  acid,  which  occurs  in 
many  plants,  is  also  present  in  hay,  and  considered  it  to  be  the 
source  of  the  hippuric  acid  *  Although  the  latter  acid  can  he 
obtained  from  quinic  acid,  it  passes  through  the  organism 
almost  unchanged,  only  a  very  small  portion  being  converted 
into  hippuric  acid.* 

The  amount  of  hippuric  acid  in  the  urine  is  naturally  greater 
when  such  fruits  as  plums  and  cranberries,  which  contain  benzoic 
acid,  have  been  eaten;*  but  Ducheck  found  a  much  larger  quantity 
than  would  correspond  to  the  amount  of  benzoic  acid  contained 
in  the  plums. 

As  already  mentioned,  hippuric  acid  occurs  largely  in  the 
urine  of  diabetic  patients  who  subsist  on  a  meat  diet,  and  in 
that  of  others  who  have  passed  several  days  without  taking  food, 
as  well  as  in  small  quantity  in  the  urine  of  dogs  after  a  meat 
diet  or  long  fasting. 

It  follows  from  these  facts  with  tolerable  certainty  that  the 
hippuric  acid,  or  rather  the  aromatic  group  contained  in  it,  is 
derived  from  the  albuminoids,  which  are  known  to  yield  benz- 
aldehyde  and  benzoic  acid  on  oxidation,  while  phenylpropionic 
acid  is  formed  from  them  by  the  pancreatic  fermentation  (E.  and 
H.  Salkowski). 

E.  Salkowski  has  adduced  a  further  proof  for  this  in  the  fact 
that  phenylaceturic  acid,  (CeH,.CH2.CO)NH.CH,.C02H,  which 
is  the  homologue  of  hippuric  acid,  occurs  in  horses'  urine  and 

^  Ann.  Chan.  Pharm.  cv.  207.  '  Joum.  Prakt.  Chem,  [2]  xix.  809. 

'  Stadelmann,  Jahresher.  Chem.  1879,  982. 

*  Ducheck,  amclin^s  Org.  Chem.  v.  832  ;  Thudichuni,  Jahresher,  Chem,  1863, 
656. 
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can  readily  be  split  up  into  glyeocoll  aiid  jihenylacefic  add, 
C^j.CHyCOjH.  Tlie  ktt«r  acid  ia  also  formod,  together  with 
pbenylpropioiiic  acid,  by  the  putrefracdon  of  albumen.' 

le  source  of  the  hippnric  acid  is  therefore  identical  with  that 
ofthe  uric  acid,  which  is  esi>ecially  formed  in  the  organism  of 
tkcamivom. 

aiio  The  acid  ia  best  prepared  from  the  urine  of  cows  or 
Men,  which  often  contains  sucli  a  large  quantity  that  it  is  preci- 
pitated by  the  addition  of  hydrochloric  acid.  If  tliis  be  not  the 
case,  the  urine  ia  boiled  up  with  mUk  of  time,  filtered,  and  the 
filtrate  neutralized  with  hydrochloric  acid,  evaporated,  and  then 
treated  with  au  excess  of  hydrochloric  acid.*  Putz  propoiieB  to 
Precipitate  the  neutral  eolution  with  ferric  chloride  and  decom- 
pose the  washed  precipitate  with  hydrochloric  acid.'  The  acid 
•obtained  by  these  methods  is  always  discoloured,  but  the  im- 
Pwity  may  be  removed  by  dissolving  it  in  warm  chlorine  water,* 
"^  treating  its  aqueous  solution  with  bleaching  powder.^  It  is 
"*ore  convenient  to  effect  the  purification  by  allowing  3  parts 
***  the  acid  to  stand  in  contact  with  1  part  of  nitric  acid,  ot 
fl*-  gr.  1'3,  and  filtering  off  the  mother-liquor  after  twenty- 
*""■  hours.^  It  can  also  be  dissolved  in  hot,  dilute  caustic  soda 
'ition  and  treated  with  potassium  permanganate  uutd  yellow 

>_J^stal3   separate   out  on  the   addition   of  hydrocldoric   acid.^ 
•>eae  are  boiled  with   water   and  animal  charcoal  and  then 
"^"^lly  re-crystallized  firom  hot  water. 
,    -*iippuric  acid  is  also  readily  obtained  when  finely  powdered, 
t^  ^mido-acetic  acid  is  gradually  added  to  an  excess  of  heated 
.      **^oic  anhydride,  and  the  mixture  heated  on  an  oil-bath  until 
-      **^coraes  coloured  red.     It  is  then  allowed  to  cool,  dissolved 
^^""ater  and  neutralized  with  caustic  soda,  the  solution  being 
^^equently  acidified  with  hydrochloric  acid   and   allowed   to 
.  *^*\  for  several  days.     The  precipitated  hippuric  acid  is  boiled 
*^  tl  water  and  animal  charcoal,  the  filtrate  concentrated  on  th« 
*-*T-bath  and  then  allowed  to  cool  slowly.     The  large  crystals 
.  Tfc-/***^  '"■''  formed  are  then  washed   with  petroleum  spirit  to 
^     **»0TB  any  adhering  beozoic  acid.* 

^L  ■  Brr.  Deulwli.   Chan.  Oea.  ivii.  3010. 

^^L  '  Gregory,  Ann,  Ckem.  Phann.  Ixiii.  1S5. 

^B  ■  JairtOier.  C/uvt.  1877.  795. 

^H  •  DmImt,  Ann.  Chtm.  Pharm.  Ixxiv.  202. 

^H  '  CoDrad,  Joum.  Pratt.  Chrm.  \2\  iv.  244. 

^H  ■  Hutstein,  Jakrab.  1364,  453. 

^^f  '  GoBamann.  Ann.  Chan.  Pharm.  icix.  374  ;  Conrad,  toe.  til. 

^H  '  Cartiaa.  Bar.  Deulach.  Ckem.  (7m.  xvii,  IG02. 
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AROMATIC  COMPOUNDS. 

Properties. — It  forms  long,  iiistrous,  rliombic  prisms  or  needlea 
(Fig.  1),  which  are  sometimes  opaque,  and  whii^h  dissolve  in  GOO 
parts  of  water  at  0° ;  it  is  only  slightly  soluble  iu  cold  alcohol  and 
ether,  but  dissolves  readily  in  warm  water  and  alcohol.  It  is  in- 
soluble in  petroleum  spirit,  and  can  be  separated  from  benzoic 
acid  by  means  of  this  property.  It  reddens  litmus,  but  has  not 
a  sour  taste,  melta  at  IST'o"  (Conrad)  and  decomposes  at  tem- 
peratures above  aiO",  with  formation  of  hydrocyanic  acid,  benzoic 
acid,  benzonitril,  and  a  black,  resinous  substance.'  Wben  it  is 
heated  with  caustic  potash  to  260°,  ammonia  and  benzonitril  are 
given  off,  while  calcium  carbonate,  calcium  benzoate  and  carbon 
a  behind.     Caustic  baryta  effects  a  similar  decomposition. 


barium  cyanate  being  formed  in  addition,  while  when  an  excess 
of  baryta  is  employed,  benzene,  ammonia  and  methylamine  are 
^ven  off  and  barium  carbonate  and  benzoate  formed,  but  no 
cyanide.*  It  has  been  already  mentioned  that  on  heating  with 
strong  acids  or  alkalis  it  decomposes  into  benzoic  acid  and 
glycocoU ;  these  products  are  also  formed  when  it  is  beated  to 
120°  with  a  concentrated  solution  of  zinc  chloride  ;  when,  how- 
ever, it  is  distilled  with  anhydrous  zinc  chloride,  benzonitril  and 
carbon  dioxide  are  formed.* 

On  oxidation  with  lead  dioxide  and  sulphuric  acid  or  with 


'  Lirapri.'ht  anil  ITsUr,  Ann.  Chcm.  Fharm.  Ixs: 
'  Kraut,  J'lhnohfi-.  1883.  31,S  ;  Conmd,  loc.  eU. 
'  GiMsnianu,  Ann.  Chem.  I'harm.  c.  80, 
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nitric  acid,  it  is  convertc-d  into  liipparafftu  or  uiethylenedibenz- 
sooide  (p.  175) : 

CH-NH(C0.C„HJ 
2  I  +40=CH,(NH.CO.C8HJg  +  3COj+2HjO. 

The  substitution  products  of  Lippuric  acid  will  be  described 
among  the  coirespoiwiiiig  derivatives  of  benzoic  acid. 

3III  The  nijypuraUs.  Hippuric  acid  decomposes  carbonates 
&nd  dissolves  zinc  with  evolution  of  hydrogen.  Ita  soils  are  for 
the  most  part  soluble  in  water  and  crystallize  well ;  they  have 
beeo  investigated  by  Schwarz.^ 

Potassium,  hippurate,  CgHgKNOj+HgO,  forms  vermicular 
crusts  consisting  of  pointed  rhombic  prisms ;  on  heating  it  forms 
»•  vapour  which  possesses  a  smell  reBembling  that  of  Satureja 
h<*7itnma.  It  combines  with  hippuric  acid  fonuiug  the  acid  salt, 
Cj^KNOg+OoHuNO^+HjO,  which  crystallizes  in  quadratic 
tA.Uets  possessing  a  satin  lustre. 

Sodium  hippurote,  ICgHgNaNOji+H^O,  is  a  crystalline  mass 
iw^laich  readily  disswlves  in  water  and  hot  alcohol 

Add  ammonvum  fUj^rate,  C^'a^{iiEJtiO,+C^,H^l:iO^-i-'Rfi, 
ci-^retallizes  in  small,  quadratic  prisms  ;  the  normal  salt  has  not 
t*«=«ti  prepared. 

CalciiiTn.    hippurate.    (C^Eg'S0g\Ca.-i-3Hfi,   forms  rhombic 
P^Tama*  which  are  soluble  in  18  parts  of  cold  and  C  parts  of 
■iling  water  (Liebig). 

StTonlium  hijipumle,  (Ci^li^tiiO^^STi-SHp.  crystallizes  in 
ienjlar  aggregates,  composed  of  four-sided  prisms ;  it  is  only 
slightly  soluble  in  cold  water  and  alcohol,  but  dissolves  readily 
>-*>■  them  when  hot. 

Bariwm  hippurate,  {C^^O^^Ba.+  'R.fi,  crystallizes  in  crusts 

**»ade  up   of  quadratic  prisma.     Schwarz,  in  endeavouring  to 

*^parate  a  mixture  of  hippuric  and  benzoic  sicids  by  means  of 

■their  barium  salts,  obtained,  first,  barium  benzoate,  then  barium 

hippurate,  and,  finally,  from  the  mother-liquor,  the  double  salt, 

'"iHjO;.Ea,CgHgN03+  SH^O,  in  characteristic  warty  masses.* 

Uaptcsiuin  hippurate,   (CBHgNOj)jMg-|-5HjO,   forms   warty 
ciystals. 
Zinc  hipp^irale.  (CgHgNOs)iZn-|-5HjO,   crystallizes  iji  smMlt 

'  Ann.  Chein.  Phtrm.  liv.  33. 

'  Scliabua,  Jahrc^KT.  Vhem.  I860,  411. 

»  Ann.  Chem.  Pluinn.  ixxv.  102. 


P^«Tar 
■b^oiU: 
W  St 

■  ^a-sci. 


-iHrXiTi':  :?:«?: 


,^ ,  7;. 


«  -rn-ii"!  lihtT  atiLT-imOiiL  csaBLkT*  la  55"2  pans  of  water  ^^-^ 

iM^m  #.  OT»*  -f*3^.    r.,^y  r\  J^— ±H^!>.  »  %  curdy  precipitate-^ 
r^T^  ir  HL  k  argf   laaouiiix  rf  k:<  water  in  fine,  silk^ 
lin:^.   -v^ioHi     rieL  ioiS^fsnJj  'uk-r   xp  a  molecule   of  wat^ 
iai£  :*LLii2ji^  nxM  JUfcr.'«i2&  i.iir  stS^  '^•ttf^s. 

Crmj^T  itw'i-^cp.     ^",H^XO^^CrL— 5BLO,  is  slightly   solubli 
n.  r::ii£  -K-k^cT    nivT?;  r^fskir^j  zl  ii.'C  Ajkxc^^il.  and  crystallizes  h 

:?-.:ar  y.j^jn  "f-P-.  ^r.jH^JLxNO,— HjO.  i*  a  cuidy  {M^pitate  :, 
wojri   :r7^5i*Zha-!5  ±-;iil  i»:c  wt^Sct  in  a^^negates  of  lustrous 

iKo.  ii^rrM  .'OjuxaSf  i$  JoSai  t.>  a  sc^utioo  of  a  normal 
ir:Lr-c.  j^  .T^-ikZL^^ruriir^i  {z^ccqpriase  of  fenic  hippurate  i» 
X  hi'wi^  Vi:>ra  vva'arTr^  3i»:oe  <«r  less  faaac  salt  according' 
t:  liif  ^ijcr  :c  j£S5  i2rE):cL  cc  ibe  ^^istSon ;  this  &ct  was  dis- 
OvTTeri'fi  rj  Pit^.  -vi:  fULTif-'TsU  liie  ev^capMuid  isx  the  jMiepara' 
•^.c  :c  rircf^:  juoi  fr:c:  :2rt3ie>  It  is  almost  insoluble  in 
jpcrt  -w^i^cr-  re*  .bssciXf*  in  toe^s^xkv  of  foee  hippuiic  acid,  an 
exc^«  :c  :\rr>.'  :cj:rji^  aai  is.  akvJKiJ.  Wr>2den  has  proposed 
to  cJupc.T  "iLrrs  r- jCEJ.c  :-:r  abe  oe^cfsiinatioQ  of  hippuric  acid  in 
ciiiie.  H-:c.iLn:r<c:ri:,  Svr—.ir^  acii  Rautcnbeig,  found  that  it  is 
EifC^  c^.cvriLi-jz.':  f:r  ;hi<  purrose  :o  ni.\ke  use  of  a  solution  of 
ferric  rLitraac  irtivb.  b*s  Seen  stai^daAiized  with  pure  hippuric 
aci'L  TLr  urinr  is  ac>ii6ei  with  nitric  acid,  heated  to  boiling 
10  rtniore  oarKii  vii^xiie.  neutralired  with  calcium  carbonate, 
trailed  with  an  excx-ss^  of  lead  nitr^to,  and  then  diluted  to  a 
known  volume  aiii  nlrered.  An  aliquot  portion  of  the  filtrate 
is  heate^l  and  ti:n*te\i  wi;h  the  fenio  nitrate  solution  until  a 
drop  of  the  clear  liquid  gives  a  blue  colouration  with  potassium 
ferrocvanide.  the  distinction  between  this  and  the  white  of  the 
lead  ferrocyanide  which  is  formed  at  firjt,  being  very  sharp.^ 

Mcihyl  hii>pv.raU,Q^B^QlS^)SO^^  is  obtained  by  the  action 
of  hydrochloric  acid  on  a  hot  solution  of  hippuric  acid  in  methyl 
alcoboL'  It  is  slightly  soluble  in  cold,  more  readily  in  hot  water 
and  in  alcohol,  and  crystallizes  in  long,  white  prisms,  which  melt 
at  80*5*',  and  decompose  at  250**  ^dth  formation  of  ammonia  and 
benz^niitril. 

Ethyl  hippimUt:,   CgHg^CgH^NOj,   is    fonneii    in    a   similar 

'  I/iiwc,  JfUirenUr.  ISfiS,  536.  '  Ann.  Chcm.  Pharm,  cxxiv.  182. 

»  .Iiu|uc;niin  and  Srlilagileiiliauffcn,  Cumpl.  Rend.  xlv.   1011  ;  Conrad,  Joum, 
PnUct.  Cfiem.  [2J  xv.  247. 
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ufkiuier  t/j  tlie  methyl  ether,'  and  also  by  allovfiug  a  saturated, 
vaxm  alcoholic  aolatiou  of  hippuric  acid  to  stand  for  a  month  in 
k  Tirarni  place,' 

It  may  also  be  readily  prepared  by  heatiDg  ethyl  amido-acetate 
iritb  benzoic  anhydride  to  100°.'  It  crystallizes  from  hot  water 
in  long,  white,  siUcy  needles,  which  melt  at  60'5°,  have  no  odour, 
but  a  sharp  taste  resembling  tliat  of  oil  of  turpentine,  and  de- 
compose on  heating.  On  distillation  with  steam,  it  decomposes 
into  alcohol  and  the  free  acid. 

The  following  ethers  have  also  been  prepared  : ' 

Moliing- 

Butyl  hippurate,  C,Ha(C,Hg)NO,.  prisms iC-^l' 

Isobutyl  hippurate,  CgHg(C,Hg)N03  small,  rhombic 

piisms 45° — 46° 

Amyl  hippurate,  CgHgCCsH  JNOj,  sraaU  needles  .    .  27°— 28' 

When  hippuric  acid  is  distilled  with  phosphorus  pentachloride, 
hydrochloric  acid  is  evolved  and  the  distillate  consists,  first,  of 
phosphorus  oxychloride,  then  of  benzoyl  chloride  and  finally  of 
the  compound  C|^gClNO,  which  crystallizes  from  ether  in  Hat, 
four-silled,  monoclinic  prisms,  melting  at  ■40°- — 50°.  It  boils  at 
220°,  is  not  attacked  by  alcoholic  potash,  and  on  fusion  with 
potash  yields  benzoic  acid  and  ammonia."  The  formation  of  this 
Kibstance  may  he  explained  by  the  following  equations ; 

[rNH.CO.C,Hj  CHg.NH.C0.C(,H5 

+2PC1.=  1  +2P0Clj+HCl. 

O.OH  CClg 

CH,.NH.CO.C,H.         CH, 
I  =11      >N.C0.aH,  +  2HCl. 

CCl,  CCK 

iHippummide.  (CoHs.CO)NH.C,HjO.NH„  is  formed  by  the 

n  of  aqueous  ammonia  on   the   ethyl  ether;   it  separates 

n  hot  water  in  short,  thick  crystals,  melting  at  183'  (Jaque- 

»  and  Schlagdeuhauffen  ;  Conrad). 

^^ippuramido-aceiic  acid,   Cj^HuNjO,,    is   formed,   together 

^  hippuric  acid,  by  the  action  of  benzoyl  chloride  on  silver 

J  Bhnhotm,  ^nn.  Chcin.  Flianii.  ;  x\\.  143  ;  CoDmd,  loc.  cit. 

P  Liebig,  Ann.  Chcm.  Pharm.  IxT.  3S1. 

P;'  Cqttiu^  Ber.  Dntltch.  Chtm.  Gts.  xvii.  1002. 

■*  Ounjani  and  Bizxani,  Bull.  Soe.  ChiM.  iixv.  127  ;  Cumpnzii,  Scr   Dculach, 

HK.  Ott.  xi.  1247- 

PBchiruiBrt,  Ann.  Cliem.  Fhamt.  uiji.  E9. 


aroido-acetAte,  and  is  probably  derived  £rom  the  hippuric  acid 

which  is  first  formed : 


CH,NH.CO.CoHb 


CO.OH 


+  NH,.CITs.CO.OH 


CH^NH.CO.C,H, 
CO.NH.CH3.CO.OI 


It  cTystallizes  from  hot  water  in  rhombic  tablets  or  Deedles, 
melting  at  206o°.  On  boiling  with  hydrochloric  acid,  it  decom- 
poses into  amido-acetic  acid  and  benzoic  acid  ;  on  heating  with 
dilute  acids,  on  the  other  hand,  both  hippnric  acid  and  amido- 
acetic  acid  are  formed.  Its  salts  crystallize  well ;  the  ethyl 
ether,  which  melts  at  117°.  combines  with  ammonia  farming 
hipptirglycollaviide,  wliich  crystallizes  in  large,  transparent  plal 
melting  at  202°. 

An  acid,  CjqHjjNjO,,  is  also  formed  by  the  reaction  juat 
tioned,  and  crystallizes  fronk  hot  water  in  microscopic  necilled' 
which  melt  at  240°,  and  are  decomposed  by  hot  hydrochloric  acid 
into  amido-acetic  acid,  benzoic   acid,  and  a   non-crystallizable, 
nitrogenous  compound.' 

HydTobermirie  acid,  C,gHj^NjO„,  is  obtained  by  the  action  of 
sodium  amalgam  on  a  concentrated  solution  of  hippuric  acid  in 
caustic  soda  solution;  it  forms  a  mass  resembhng  turpentine, 
and  becomes  crystalline  after  standing  for  raontlia.  When  it  is 
treated  with  an  excess  of  sodium  amalgam  and  water,  it  decom- 
poses into  hydruljensyluric  acid,  CjgH^iNO,,  and  amido-acetic 
acid.  The  former  is  an  oily  liquid,  which  gradually  solidifies; 
on  boiling  with  alkalis  it  decomposes  into  hydrobenzoic  acid, 
benzyl  alcohol  and  amido-acetic  acid.  Its  alkaUne  solutioi 
oxidizes  in  the  air  with  formation  of  kydToxylK-nzyluric 
Ci(,Hj,NOfl,  which  is  a  crystalline  mass  meltmg  at  60°— 70' 

2 II 2  Omilhwic  acid,  C^^^fi^.     Shepard  found  that  ben- 
zoic acid  is  not  converted  into  hippuric  acid  in  the  organism  of 
birds,  but  into  another  nitrogenous  compound,  which  was  more 
closely  examined  by  JafFt5.'     He  obtained  it   from  the  excre-, 
mcnts  of  hens  which  were  fed  with  benzoic  acid;  it  is  vi 
slightly  soluble  in  water  and  crystaUizes  from  hot  alcohol 
minute  needles,  melting  at  182°.     Its  solution  reddens  litmi 
The  following  salts  aru  cbaractciistic  : 

'  Ciirtius.  Journ.  Pmti.  ClKm.  [2]  xwi,  H5. 

'  Olio,  Ann.  CAfBi.   Pharm.  --.xxKiv.  313. 

'  Joffe,  Ber.  Dmltch.  Chan.  Ocs.  i,  1S25  ;  xi.  401 


1 


1 

liled'^ 


utiooi^y 
ben-^H 
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Calcium  omiihurcUe,  (C^gHjgNjOJjCa,  is  obtained  by  adding 
the  ammonium  salt  to  a  solution  of  calcium  chloride  and  heating 
the  mixture ;  it  is  a  crystalline  precipitate,  which  is  only  very 
slightly  soluble  in  water. 

Barium  omilhuraie,  (Cij^Hi^NjOJgBa,  is  exceptionally  soluble 
in  water  and  alcohol,  and  is  deposited  from  its  alcoholic  solution 
in  opaque,  crystalline  flocks,  which  after  drjdng  form  a  snow- 
white  powder. 

On  boiling  the  acid  with  hydrochloric  acid,  it  decomposes 
almost  immediately  into  benzoic  acid  and  hemoylomithine, 
^it^u^J^i*  which  is  almost  insoluble  in  alcohol  and  crystallizes 
firom  water  in  very  brittle  needles,  melting  at  225"*  — 230^  It 
forms  readily  soluble  salts  with  the  mineral  acids. 

If  the  boiling  with  hydrochloric  acid  be  continued  for  some 

time,  the  acid   decomposes  into  benzoic   acid   and    ornithine, 

CjHigNgOg,  which  is  very  deliquescent,  has  a  strongly  alkaline 

reaction  and  a  somewhat  caustic  taste.     It  combines  with  acids 

to  form  salts  which  crystallize  well. 

Ornithine  has  the  composition  of  a  diamidovalerianic  acid,  and 
the  constitution  of  these  compounds  can  therefore  be  expressed 
hy  the  following  formulae  : 

Ornithine.  Benzoylornitliino.  Ornithnric  acid. 


I 
C^H^.COjH  C,H7.C0jH  C,H^.CO^H 

I  I 

NH,  NH.CO.CeHj         NH.C0.C,H5. 

*"ree  ornithine,  which  has  an  alkaline  reaction,  will,  of  course, 
"^^6  the  followiikg  formula : 

NH, 

I 
C,H,.CO 

I       I 
NH,.0 
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HITRIL   AND   ITS  DERIVATIVES. 

[,  C,Hb.CN.     This  substance  was  prepared  by 

r  by  beatiDg  benzamide  with  baryta,'  but  was 

L  by  tiiem,  and  its  identity  with  tlic  bonzonitril 

Aling  was  established  at  a  much  later  period. 

it  obtained  it  by  the  dry  distillation  of  amiuo- 

i  from  whicli    it   is  forniud  by  loss   of   water. 

by  a   similar    reaction    from    beozamide, 

r  heating  it  with  phosphorus  pontoxide,'  phos- 

ide,*  phosphorus  pentaaulp)iide,*  benzoyl  chlo- 

,'  or  caustic  lime.* 

I  other  methods  of  preparation,  some  of  which 

'  mentioned  {Part  III.,  p.  31),  the  following 

It  can  readily  be  obtained  by  distilhng 

I  benz<Hc  acid  with  one  molecule  of  potassium 


ff+HSCN =CoHs.CN  +  COj  +  H^S. 

B  benzoic  acid  is  converted  into  the  potassium 
k  can  readily  be  recovered.* 
B  may  be  substituted  for  the  potassium  salt :  •" 

■bCSCN),  =  2CjHj.CN  +  PbS + HjS  +  2C0,. 

I  synthetically  prepared  by  the  distillation  of 
Iphonate  with  potassium  cyanide,"  as  well  as 
me  to  350°  with  silver  cyanide,'*  or  by  the 
k  chloride  on  benzene  in  presence  of  aluminium 
[obtained  from  aniline  by  converting  the  latt«r 
I  chloride  and  heating  thi.^  with  a  solution  of 

'iam.  cicil  Ses,  '  Jbid.  xhx.  91, 

,  ibid.  a.  IGE. 

r.  782  ;  Henke,  Anii.  Cliem.  Pharm.  crL  278. 
1.  Chtm.  Oa.  ii.  307. 
'«  Org.  Chim.  i.  386. 
kA,  CKem.  Oa.  vi.  113. 
loli,  Ann.  Chem.  Pharm.  czcvi.  48. 
dL  CluM.  Om.  t.  673. 

1768. 
'hem.  1388,  33 ;  Bur.  Deuiieh.  Chem.  Ga.  iil.  710. 
ibid.  z.  746. 
^  Bull.  Son.  Chim.  xiix.  2. 


194  AROMATIC  COBiPOUNDS. 


BENZENYL  COMPOUNDS. 

21X3  These  compounds  are  closely  allied  to  the  benzoyl  deriv^" 
tives.     Phosphorus  chloride  converts  benzoic  acid,  CgHg.CO.O^^' 
first    into  benzoyl  chloride,  CgHg.COCl,  and   then   by  hrih^^ 
action   into   benzenyl  chloride,  CgHg.CCIj.      The  latter  is  al^^ 
formed  by  the  continued  action  of  chlorine  on  boiling  toluene    -• 
on  heating  with  caustic  potash  it  is  reconverted  into  benzoi^^ 
acid,  which   therefore  bears  the   same  relation  to  it  as  formic:^ 
acid  to  chloroform.    The  action  of  the  potash  is  probably  to  fonm- 
benzenyl  alcohol  or  orthohenzoic  acid  in  the  first  instance : 

CeH.CCLj  4-  3K0H = CeH5.C(0H)s + 3KC1. 

This  is,  however,  as  unstable  as  orthoformic  acid  and  immedi- 
ately decomposes  into  water  and  benzoic  acid ;  ethers  are,  how- 
ever, known,  such  as  ethyl  orthohenzaaie,  CgH5.C(OCjH53j, 
obtained  by  the  action  of  sodium  ethylate  on  benzenyl  tri-* 
chloride. 

Benzoic  acid  itself  may,  therefore,  be  looked  upon  as  a  benzenyl 
compound,  and  this  view  was  actually  taken  by  Berzelius 
(Part  I.,  p.  12). 

A  large  number  of  compounds  which  are  formed  by  the 
action  of  hydroxylamine  on  benzoyl  chloride  may  also  be  in- 
cluded among  the  benzenyl  derivatives.     The  simplest  of  these  is 

benzyhydroxamic  acid : 

N.OH 


L'ttrlK.C'>y^ 

OH. 


Benzonitril,  CgH^.CN,  and  its  compounds  with  alcohols,  such 
as  benzimido-ethyl  ether : 

CeHg.Cv 

^OCoH.. 


'2^*6- 


also  belong  to  this  class.     The   latter  compound  is  converted 
by  ammonia  into  benzcnylamidine  or  benzimido-amide : 


'e'-'-b- 


BENZENYL  TRICHLOBIDE. 


S«iizenyl  amidiaes  which  contain  the  radical  phenyl,  &c.,  are 
obt^aiued  by  heatiug  benzouitril  with  the  hydrochlorides  of 
Bwnido-baaes ;  thus  aniline  yields  phenylbenzenylamidine  ; 


C.H,.C; 


Ijiother  series  of  amidines  (Part  III.,  p.  216)  consists  of  the 
ydro-baseB,  which  are  formed  from  the  orthoamido-com pounds 
^  the  elimination  of  water;  benzoylorthodiamidobenzeuo  in 
this  way  yields  phenylenebenzenylamidine : 


C(H.! 


N  , 


'\nh/ 


J.CeHj. 


II  Beiaenyl  tncMorUle  or  Benzo-trichloride-,  CgHj.CClj.  Liebig 
bd  Wohler  found  during  their  researches  on  the  radical  of 
Wzuic  acid,  that  benzoyl  chloride  is  converted  by  phosphorus 
peniachloride  into  a  atrongly-smelUng,  oily  substance,  which  they 
did  not  investigate  more  closely.'  It  was  made  the  subject  of 
research  by  Schischkow  ami  Rosing*  and  also  by  Litnpricht,' 
*lio  found  that  it  is  also  formed  when  benzidene  dichloride, 
C6Hj.CHClj.  is  treated  with  chlorine,  and  named  it  benzoic 
trichloride,  Benzenyl  trichloride  is  most  readily  obtained  by 
pssang  chlorine  into  boiling  toluene  until  no  further  increase  in 
"eight  takes  place.*  The  product  is  then  washed  with  caustic 
Sixla  solution,  dried  over  ignited  potassium  carbonate  and  recti- 
ti'-d ;  it  is  employed  in  the  colour  industry  and  is  manufactured 
dh  the  large  scale,  being  purified  by  distillation  in  a  vacuum. 

Benzenyl  trichloride,  which  is  also  known  as  phenylchloroform, 
1*  a  powerfully  refractive  Uqidd,  which  has  a  characteristic 
I*uetratiug  odour,  boils  at  213°^ — ^214°,  and  has  a  sp.  gr.  of 
5  380  at  14°.  On  heating  with  water  to  150°,  it  is  converted 
into  benzoic  acid,  while  benzoic  anhydride  is  formed  when  it  is 
lieated  with  sidphuric  acid  which  contains  46  per  cent,  of  water 
(p.  106).  It  is  decomposed  by  fuming  nitric  acid  with  formation 
■  t&etanitrobenzotc  acid  (Beilstein  and  Kuhlberg). 


'  Ann.  Chem.  Pharm.  iii.  266. 
'  Jakmber.  Cham.  1S68,  370. 
'  Ann,  Chem.  Pharm.  cxiuiv.  Bf 
*  Beilstcia  nud  Knhlberi;,  ibid,  c 
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Semenyl  tribromide,  CgHyCBrg,  is  formed  by  the  action  c 
bromine  on  boiling  toluene,  and  is  a  colourless  liquid  which  1 
an  exceedingly  violent  action   on  the  eyes  &nd  mucous  mem'l 
brane.      It  cannot  be   distilled,  ance  it  decomposes  at  i ' 
150° ;  on  heating  with  water  it  is  readily  converted  into  benzoic 
acid,  while  it  is  only  very  slowly  attacked  by  boiling  alcoboL' 

Benunyl  ethyl  ether,  C^^.C{0Qj3.^^.  This  compound,  which 
is  also  called  ethyl  orthobenzoate,  was  obtained  by  Limpricht, 
who  heated  the  chloride  to  100°  with  a  solution  of  sodium  in 
absolute  alcohoL  It  is  a  transparent,  colourless  liquid,  which 
smells  like  ethyl  henzoate  and  boils  at  220°  — 225°. 

BciKmyl  triatttate,  C5Hj.C(OCjHgO)j,  is  formed  by  the  action 
of  silver  acetate  on  the  chloride,  and  is  a  liquid  which  decom- 
poses on  distillation  into  acetic  anhydride  and  benzoic  an- 
hydride. If  it  be  allowed  to  stand  in  the  air  or  over  sulphuric 
acid  in  a  vacuum,  white  needles  separate  out,  which  melt  at 
70°,  and  have  the  composition  of  acetobenzoic  anhydride 
(Limpricht). 

MonocldorobtnTinyl  trichloride,  C^H^Cl.CClj.  The  ortho- 
compound  has  been  obtained  by  the  action  of  phosphorus  penta- 
chloride  on  salicylic  acid,  CuHj(OH)COjH ;  it  is  crystalline, 
melts  at  30°  and  boils  at  260°.^  The  meta-compound  has  been 
prepared  in  a  similar  manner  from  metasulphobenzoic  acid, 
CaHj{S03H)C0jH,  and  boils  at  235°;*  the  para-compound  is 
formed  by  tbe  chlorination  of  beuzenyl  trichloride  in  presence  of 
iodine  ;  it  boils  at  245°  and  yields  parachlorobenzoic  acid  when 
heated  with  water  to  200°  (Beilstein  and  Kuhlberg). 

Dichlorobfiizcnyl  IricMorvlf ,  CgHjClj  CClj,  has  been  prepared 
by  tlie  action  of  chlorine  on  a  boiling  mixture  of  the  dichloro- 
toluenes  obtiined  by  chlorinating  toluene.  The  product  boils 
at  273' — 280°  and  yields  three  dichlorobenzoic  acids  on  heating 
with  water.' 

TrichlorohtTizmyl  trichloridr.,  CaH^Clg.CCla,  is  formed  by  pass- 
ing chlorine  into  boiling  trichlorotoluene ;  it  crystallizes  from 
alcohol  in  very  fine  needles,  melts  at  82°  and  boils  at  307° — 308°, 

Tetrachlorohenzenyl  tricldoruk,  Q^C\^.C(\,  forms  fine,  sboi 
needles,  melts  at  104°  and  boila  at  316°.* 

'  Ince,  Aba.  Ptoc  Chem.  Soe.  18SB-e,  131. 

*  Kolba  aud  Ij«ntein«aii,  Aim.  Chan.  Pkarm.  civ.  196. 

*  Cariiu  and  Kiimnierer,  ibid,  exuxviii.  68. 

*  SuhiiU,  ib!d.  cliixvii.  2S0  :  Aronheiin  and  DiBtrich,  JJ.r.  J3eiU*ck.  ClU 
Ckn.  viii.  HOI. 

*  BtiUlflitiunaKuMlxTg,  Ann.    Cknn.  Phxnu.  .■),  280. 
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BENZONITRIL   AND    ITS  DERIVATIVES. 

2114  BtnzonitrU,  CgHj-CN.  This  subatance  was  prepared  by 
Liebig  and  Woliler  by  heating  beozamidc  with  baryta,'  but  was 
not  investigated  by  theai,  and  its  identity  with  the  benzonitril 
discovered  by  Fehling  was  estabUshed  at  a  much  kter  period. 

The  latter  chemist  obtaineil  it  by  the  dry  distillation  of  ammo- 
niiim  benzoate*  from  which  it  is  formed  by  loss  of  water. 
It  cao  be  prepared  by  a  similar  reaction  from  benzainide, 
CjHj.CO.NH,,  by  beating  it  with  pbosphorua  peiitoxide,*  phos- 
phorng  pentacbloride  *  phiisphorus  pentasulphide,"  benzoyl  chlo- 
ride," potassium  benzoate,'  or  caustic  lime.^ 

Among  many  other  methods  of  preparation,  some  of  which 
have  been  akeady  mentioned  (Part  III.,  p.  31),  the  following 
we  tiie  most  important.  It  can  readily  be  obtained  by  distilling 
t«0  molecules  of  benztuc  acid  with  one  molecule  of  potassium 
thiocyanate : 

C'„H,.CO,H  +  HSCN  =  C^Hj.CN  +  CO,  +  H^S. 

One  half  of  the  benzoic  acid  is  converted  into  the  potassium 
salt,  from  which  it  can  readily  be  recovered.* 
Lead  thiocyanate  may  be  substituted  for  the  potassium  salt :  '* 

2CbHb.C0jH  +  Pb(SCN),  =  2C,Hj.CN  +  PbS  +  H,S  +  2C0^ 

Benzonitril  is  synthetically  prepared  by  the  distillation  of 
sodium  benzenesulphonate  with  potassium  cyanide,''  as  well  as 
by  heating  iodobenzene  U>  3.50°  with  silver  cyanide,"^'  or  by  the 
action  of  cyanogen  chloride  on  benzene  in  presence  of  aluminium 
chlorifle."  It  is  obtained  from  aniline  by  converting  the  latter 
into  diazobenzene  chloride  and  heating  this  with  a  solution  of 

'  Wohler,  Ann.  Chem.  Phann.  otcii.  302.  '  Ibid.  ilii.  Bl, 

'  HofmaoD  and  Biickton,  ■Otiit.  c.  15G. 

•  Oerhardt,  Chim  Org.  iv.  782  ;  Henko,  Ann.  C!<em.  Pharm,  tvi.  270. 
»  Hmry,  Ber.  DeiUach.  Chem   Ga.  u.  307. 

•  Sokolow,  Otrhardfa  Org.  Chim.  i.  88fl. 
'  KekuU,  Ber.  Duutteh.  Chan.  Qit.  ri.  113. 

•  Anachtitz  and  Schuiz,  Ann.  Chim.  Phjirm.  cicri.  ii. 
"  Letta,  Btr.  DeiUaeh.  Chan.  Get.  y.  673. 
"  Kriln,  ibid.  zvii.  1769. 

"  Hera.  ZsilnAr.  Chem.  1888,  S3  ;  Brr.  DeiOxh.  Chen.  Oa.  ill  710. 
i*  Uen  and  Weith,  ibid.  x.  746. 
'*  Ptiedel  and  Crofta,  Ball.  Sm.  Chim.  x^iii.  S. 
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the  double  cyanide  of  potassium  and  copper.'  It  can  easily  bo 
prepared  in  the  pure  state  by  distilling  benzamide  with  phos- 
phorus pentoxide  and  rectifying  the  product-over  the  ktter.  A 
good  yield  is  obtained  by  Letts's  process,  according  to  which  the 
mixture  of  benzoic  acid  and  potassium  thiocyanate  is  heated  in 
an  apparatus  connected  with  an  inverted  condenser  until  a. 
white,  solid  mass  has  been  formed.  The  product  is  then  dis- 
tilled, the  distillate  freed  from  benzoic  acid  by  means  of  ammoniai, 
and  the  benzonitril  finally  distilled  in  steam ;  he  thus  obUuns  80 
per  cent,  of  the  theoretical  yield.  Merz,  by  the  distillatioo  of 
500  grms.  of  sodium  benzenesulphonate  with  330  grnia.  of 
potassium  cyanide,  obtained  in  one  case  130  and  in  another  140 
grms.  of  the  crude  80  per  cent,  nitril,  while  Henry,  employing 
his  own  method,  obtained  half  the  theoretical  yield, 

Propertict. — Benzonitril  is  a  mobile  liquid,  which  smells  like  oil 
of  bitter  almonds,  has  a  ap.  gr.  of  1023  at  0°,  boils  at  191*  and 
Bolidifies  in  a  mixture  of  ether  and  solid  carbon  dioxide  to  a  crystal- 
line mass,  melting  at  —  17°,*  It  is  miscible  with  alcohol  and  ether, 
and  dissolves  in  about  100  parts  of  water  (Fehling).  On  boiling 
with  caustic  potash  it  is  converted  into  benzoic  acid,  and  it  is  re- 
duced in  alcoholic  solution  by  zinc  and  hydrochloric  acid  to  benzyl- 
amine  (Mendiua) ;  fuming  sulphuric  acid  in  the  cold  polymerizes 
it  to  cyanphenin,  but  on  heating,  forms  metasulphobeuzoic  and 
benzenedisul phonic  acids  (Hofmann  and  Euckton),  When  it 
is  mixed  with  benzene  and  concentrated  sulphuric  acid,  dihem- 
imido-oxvie,  CnHjjNjO,  is  obtained  ;  it  crystallizes  in  thick  vitre- 
ous prisms  and  has  basic  properties.'  On  heating  it  with  dilute 
hydrochloric  acid,  dibenzaraide  is  formed.*  Both  substances  are 
obtained  when  well-cooled,  fuming  sulphuric  aoid  is  allowed  to^ 
drop  into  benzonitril,  and  the  mixture  treated  with  water  a 
standing  for  some  time,*  Their  formation  is  explained  by  t 
following  equations : 

C,H,.CN  C-HlCO. 

-f-HjO 


CeH.CN 
C.H..CO. 


\nh 


CttH,.CCNH 


CsHyC^NH. 
CoHjCO. 

>NH-i-NH,. 
C^H^CO/ 


'  Sandtneyer.  Btr.  Deultch.  Chan.  Of.  xviL  !fl53- 

'  Hofmann,  Jahralier.  lSfl2,  S3S, 

■  Klein  sud  Pinaer,  Scr.  Daulxli,  Chcm.  Oa.  xi,  784, 

•  Pinner,  ibid.  irii.  2006. 

'  Gumport,  Joum.  J'rakt.  C/iein.  [2]  xii.  S7  ;  Pinner,  ibid.  » 
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When  benzonitril  is  shaken  up  with  a  warm  mixture  orcauBtio 
potash  solution  and  hydrogen  peroxide,  it  is  rapidly  cunverted 
into  benzamide,  pure  oxygen  being  evolved : ' 

C,Hs.CN  +  2HgOg^CaHj.CO.NH,  +  H,0  -1-  Oj, 

K  benzonitril  be  taken  internally,  it  appears  in  the  urine  in 
the  form  of  oxybenzonitrilsulphuric  acid,  CaH,(0.S03H)CN, 
which  readily  decomposes  into  sulphuric  acid  and  the  nitrils  of 
Bslicylic  acid  and  parahydroxybenzotc  acid ;  the  meta-com pound, 
however,  is  not  formed* 

Benzonitril  combines  with  hydrobromic  acid  to  form  the 
crystalline  compound,  C,Hj.CN  +  2HBr.  which  ia  converted  by 
water  into  benzamide  t  ■ 

^C8Hs.CBr,.NH^+H40  =  C,^6.CO.NH,  +  2HBr, 
According  to  Henry,  a  similar  compound  is  formed  with 
hydriodic,*  but  not  with  hydrochloric  acid ;  when,  however,  a 
current  of  the  latter  gas  is  passed  into  an  ethereal  solution  of 
platinum  chloride  and  benzonitril,  long  needles  separate  out, 
which  decompose  in  dry  air  into  their  three  components.^ 

When  benzonitril  is  heated  with  bromine,  the  monohromide. 
(CTHgNBr),.  is  formed ;  it  crystallizes  from  ether  in  small 
needles,  which  partially  sublime  when  heated  and  are  partially 
decomposed  into  bromine,  benzonitril  and  cyauphenin  ;  while  on 
heating  with  lime,  some  carbon  dioxide  and  ammonia  are  evolved 
inaddition  to  the  compounds  mentioned.  A  dibromide  also 
•ppeara  to  exist,  but  it  is  very  unstable." 

It  combines  with  some  metallic  chlorides  to  form  the 
Mowing  solid  compounds.  CjH,N,AuClj,  (CjHj,N)jPtClj, 
(C,HjN)jjSnCl<  and  (C'jHsN}jTiCl„  the  last  of  which  forms 
Wght  cryBtals  which  may  be  sublimed.^ 

aitj  Cyanp/ienin,  Cj,H,bNj.  This  compound,  which  corre- 
■ponds  to  cyanethin  (Part  I.,  p.  562},  was  obtained  by  Clooz 
By  heating  benzoyl  chloride  with  potassium  cyanate,^  and 
^gler  prepared   it,    as  already    mentioned,   from    benzonitril 

'  Rodzuiewski,  Ber.  Dcultfh.  Cham.  Qcs.  xviii.  356. 

'  BauiduiD,  ibid.  XTii.  Ref.  Sntt. 

'  Ensler,  Ann.  Chan.  Pharm.  cilix.  807. 

*  Bull.  Sec.  Chim.  vii.  85. 

*  Klrin  tuid  Pinner,  But.  Demttch.  Chtm.  Om.  x.  1$B1. 
■  Bugler,  Ann.  C/usm.  P/iarm.  exxxiii.  141. 
^  Henke,  ibid.  c^i.  28*. 

*  Ibid.  CIV.  27. 
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brx«iiu*ie.     Hofnuim  foniMl  that  it  is  formed  when  henzonitnl 
is  heated  with  s^fedium,^  mod  Kkan  mud  Pinner  when  it  is  treataf 
with  faming  salphmic  acid.*    It  is  also  obtained  in  tolerabie 
quantitr,  acoordii^  to  Hour,  togetb^-  with  benzonitril,  by  the 
action  of  phosphoros  pentusnlphide  on  benzunide,  and,  together 
with  an  oily  base,  C,^Hj^X^  the  hjdiochloride  of  which,  Ci^H^ 
N«CL  crrstallixes  in  ax-sided  tablets^  when  benzonitril  is  heated 
with  ziDC  ethvL* 

Cyanphenin  is  a  haid,  onrstaDine  sabstanoe,  which  melts  at 
231  ^  sublimes  in  needles;  and  boils  above  350^  It  is  insoluble 
in  water,  slightly  solaUe  in  aloolnd  and  ether,  more  readily  in 
carbon  disolphide  and  ethyl  iodide  It  is  not  attacked  when 
heated  with  aqneous  or  akoholic  potash,  but  is  converted  into 
benzoic  acid  by  heating  to  220"  ^  with  fuming  hydriodic  acid, 
or  to  250''  with  concentrated  hydrochl<Nric  acid  (Frankland  hsA 
Evans). 


BENZIMIDOBTHERS. 

21 16  TTif  Benzimido-fihcrs  include  the  compounds  which  are 
formed  by  the  action  of  hydrochloric  acid  on  a  mixture  of 
benzonitril  with  an  alcohoL  Of  these  compounds  the  isobutyl 
ether  has  been  more  fully  described ;  *  its  formation  is  preceded 
by  that  of  a  compound  which  forms  large,  lustrous  crystals, 
which  fume  in  moist  air  and  decompose  into  hydrochloric  acid, 
ammonium  chloride  and  isobutyl  benzoate  : 

^NHjCl 
CeH.C/ OC.H^+HjO  =  Ha+NH,Cl+C,H,.CO.OC^H,. 

If,  however,  the  compound  be  freed  from  benzonitril  and 
isobutyl  alcohol  by  washing  with  ether  and  allowed  to  stand 
over  caustic  soda,  a  molecule  of  hydrochloric  acid  is  given  oflf 
and    the    hydrochloride   of  benzimido-isobutyl    ether   remains 

^  Ber.  Deutwh,  Oumt,  Oes,  i.  198. 

2  Ibid.  xi.  764 ;  Pinner,  J<mm.  Prakt.  Chem.  [2]  xxx.  125. 

'  Frankland  and  Kvans,  Joum,  Chem,  Soc,  1880,  i.  563. 

*  Engler,  Ann.  Chem.  Pharm.  cxlix.  810. 

*  Pinner  and  Klein,  Ber.  DetUsch.  Chem.  Oes.  x.  1889 ;  xi.  4. 
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behiiid  ;  it  decomposes  on  heating  into  bcnzaniidd  and  isobutyl 
chloride ; 

-  NH,CI 
GflHs-Cr  =C,H,.CO.NII,-fC,HuCl. 


It  is  decomposed  by  a  sotiitioD  of  ammonia  in  absolute  alcohol, 
with  formation  of  the  free  isobutyl  ether,  amuionium  chloride 
and  benzenylamidine  hydrochloride. 

Bemimido-is(Aulyl  ether,  CBH6.C(NH)0C,Hg,  ia  a  thick,  oily 
liquid,  which  partially  decomposes  on  distillation ;  it  readily 
recora bines  with  hydrochloric  acid ;  cold,  concentrated  sulphuric 
acid  converts  the  hydrochloride  into  the  acid  sulphate,  C^HjC 
(OC4Hg)NH^S0^H,  which  crystallizes  in  long,  pliant  needles. 

Btmimido-acetic  ether,  C^U^.C[^'K)OG^fi,  is  formed  hy 
boiling  the  isobutyl  ether  with  acetic  anhydride ;  it  ia  insoluble 
in  water  and  acids,  dissolves  iu  alcohol  and  crystallizes  in  needles, 
melting  at  116°. 

Jknsimido-ethyl  tlher,  CnH5.C(NH)0Cj,H(,.  The  hydrochloride 
of  this  compound  forms  lai^e,  lustrous,  transparent  prisms, 
which  decompose  at  118° — 120°  with  formation  of  benzamidc. 
In  other  respects  the  compound  resembles  its  isobutyl  analogue.' 

Seimmvio-ihio-eikyl  ether.  ChHs.C(NH)SCjH5.  The  hydro- 
chloride of  this  fx>mpound  is  formed  when  hydrochloric  acid  is 
passed  into  a  mixture  of  ethyl  mercaptan  and  benzonitril : 


I 

I 


CeH5.CN4  HS.CjHfi+Ha  =  C„H,.Cf 


^NH,C1 


It  crystallizes  in  thick  prisma,  which  melt  at  188°  and  are 
readily  soluble  in  water  and  alcohol. 

The  hydriodide  ia  obtained  by  heating  thiobenzamide  to  100° 
with  ethyl  iodide : 

,NH,  .NH,I 

C.H,.C<  4lCJI,  =  C„H,.Cf^ 

It  forms  long,  monosymmctric  prisms,  melting  at  1+2.°  Alkalis 
separate  the  ether  Irom  these  salts  as  a  strongly-smelling,  oily 
liquid,  which  is  soluble  in  watur  and  readily  decomposes  into 
benzonitril  and  mcrcaptan.^ 


ABOMATIC  COMPOUNDS. 

Bermviido-lhiobem^l  ether,  G^n^.C(SH)S.GilrCt'S^.  Tbe| 
hydrochloride  is  obtained  by  the  action  of  benzyl  chloride  on  "I 
thiobenzamide,  or  of  hydrochloric  acid  on  a  mixture  of  ben^ll 
hydrosulphide  and  benzonitril.  It  is  solnble  in  water  audi 
alcohol,  and  crystallizes  in  white  tablets  melting  at  181°.  Thaf 
free  base  is  very  unstable  (Bemthsen). 


BENZENYLAMIDINES. 

2117  Benzfntfliimidine  or  Bniximido-amide,  CgHj.C(NH)NHp 
is  formed,  as  already  mentioned,  by  the  action  of  alcoholic 
ammonia  on  the  hydrochloride  of  benzimido-isobutyl  ether : 


CM..cf  +  NH,  =  aH,.c; 


NH„ 


+  HO.C.Hg. 


Free  benzimido-isobutyl  ether  is  simultaneously  formed,  but' 
the  quantity  of  thia  product  diininislies  when  the  temperaturs' 
at  which  the  reaction  is  carried  out  is  raised.'  Tlje  product 
evaporated  in  a  vacuum,  the  residue  washed  with  ether  and 
crystallized  from  alcohol,  yielding  heazenylamidine  hydrochloride 
in  flat  needles,  which  are  decomposed  by  caustic  potash  but  not 
by  ammonia ;  by  shaking  out  with  ether  and  evaporating,  the 
free  base  is  obtained  as  a  crystalhne  mass,  which  is  slightly 
soluble  in  water,  readily  in  alcohol  and  has  an  alkaline  taste  and 
reaction.  It  decomposes  spontaneously  after  some  time  with 
evolution  of  ammonia,  which  is  also  given  off  on  heating, 
benzonitril  and  cyanphenin  being  formed. 

If   it   be   heated   to   100°  with   ethyl   iodide,   the    prodw 
decomposed  with  caustic  soda  and  extracted  with  ether,  eMjrM 
btnzenylamidhie,  CfifilJ^C^^^E.^,  ia  obtained  as  a  stron^j 
alkahne,  thick,  oily  hquid. 

Dibenzcnyltriamine,  CuHjjNj,  ia  formed,  together  with  acel 
amide,  when  benzenylamidine  is  boiled  with  acetic  anhydride 


I 


\nh. 


>NH  +  NH,. 


'  Pinner  aiiJ  Kluin.  Her.  DeuLidi.  Chsm.  Ga  i.  1880. 
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It  aysteUuea  ia  long,  flat  needles,  which  melt  at  lOS* — 109° 
md  aie  not  decomposed  even  at  240°.* 

liteHjflbeKunglamidinr,  CaHs.C(NH)N(CeHi)H.  is  obtaineJ. 
together  with  diphenylbenzeiiylamidine,  by  heating  beuzo&icril 
to  320° — 240'  with  aniline  hydrochloride : 

aH,.CN  +  N(C,HJH,  =  aH..cf 


The  product  is  extracted  with  cold  water  and  the  solution 
precipitated  with  ammouia  ;  the  basu  thus  obtained  ia  very  readily 
soluble  in  alcohol,  and  crystallizes  badly  in  small  crusts  or  warts 
«>ni]iosed  of  plates,  wliich  melt  at  Hl° — 112°,  and.  on  further 
healing,  partially  sublime  and  are  partially  decomposed  into 
iiniline  and  benzonitriL 

Plienylbenzenylamidine  hydrochloride  is  a  syrup,  miscible 
witli  water  and  alcohol  in  all  proportions.*  It  is  converted  by 
the  action  of  sodium  amalgam  on  its  alcoholic  solutiou  into 
bemidenephenyldiamine,  CaHg.CH(NHt)N(CgH()H.3 

When  phenylbenzenylamidine  ia  heated  with  carbon  disul- 
pKide,  its  tbiocyanate  is  obtained  together  with  thiobenzanilide  ; 
an  intermediate  product  is  probably  first  formed  and  tljen 
decomposed  at  the  higher  temperature :  * 

C«H«-Cc-S^CS     =  C.Hb.CS.N(C.HJH  +  NCSH. 

yios  compound  was  first  prepared  by  Gerhardt.  who  obtained 
't  by  warming  benzanilide  with  phosphorus  pentacbloride 
^  then  heating  the  product  with  aniline.*  The  compound 
4Se.C'Clj.N(C(Hs)H  is  first  formed,  and  is  converted,  with  loss 
*•  hydrochloric  acid,  into  heneanilidimirioektoride,  which  acts 
f  "pon  the  aniline  in  the  following  manner : 


»Cf  +  N(C.H,)H. 


C.H.Cf  +  HCl. 


'  Ber.  DnttKh.  Chcm.  (7u.  li.  4. 

'  Btnithsea,  Jin,  Client.  Fharm.  clxxxiv.  318. 

"  B"nitll»n  Bud  Szymuiaki.  Ber.  Deutech.  C/km.  Oce. 

*  Benitluen,  Aim.  Chtm.  Fharm.  oxcii.  SI. 

*  Ann.  Chem.  Pkann.  cviii.  217. 
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jv^e.  -TMi3ijar«n.  Inamoixa  oiaiea.  meits  ar  39* — 10%  and  h^oSs 
-wtthoxn  ieeompiifidoiL  is  .unmr  ZLif :  waser  lieoHxipofles  i^ 
tsmidlr.  leniaiulitie  Tpnig  renRMtneed.^ 

I>n30enTibenzeiLyiaizuimie  i»  als>  fismed  br  cfae  actioQ  ^ 
imirn«>  >a  i^izEavi  TTichkiiide. *  mi  br  Htf^Mrng  benzanilide  wx^b 
juuline  .inizoehiDznie  ubi  piux^honis  TTrhlniTiie.*  It  is  sQgii:^/ 
niabie  Ji  uvaser,  reamlr  'in  :iicoiioL  aEnd  ^scysGillbBes  in  needl^^ 
aieitmg  «  H*  Wiiilaca  and  Hbfinaim .  <>i  h^uing  w** 
hyrirneaiorrc  ica  to  15%f.  be  leeomnnses  mro  b^Lzoic  add  »^5<* 
miiine.  ^rhile.  in  Iwacmg  with,  julpiiimc  acid,  duoberiTanilx^^^ 
and  phenyl  nmsconi  oil  aie  fibrxned  Bemthaoi;.  Its  hyd:*:'^^^ 
chiorrde.  C-5H»jSj.CIH.  ia  *jaij  very  di^idj  aofaible  in  coW 
water  jnd  .arcrfculizes  Ixnm.  alcohol  in.  needleL 

pin.p««i    fay  h^mi^  beuoniml  wiA  fiphenybmrne   hydr^ 
chioriiie  ^i   ISi)* — Dt)".     L;  ia  fficcepiionallT  aohible  in  alcolm^ 
and  Tui^abtv  in  -fdier.  insn  which  ic  cnFataDraes  in  thin,  TeDowisb' 
alkaline,  rtiombic  cahleia.  mi^Iiang  at  II?.     It  decomposes  Of^ 
boiline  into  «iiphenj{ainine  and  bauonitril ;  whoi  it  is  heated 
wich  carbon  »iisnlphiiip.  iis  diiocyanate  is  fiirmed  together  with 
diphenylthioBenzanilide.  C^H^  CSJy  'C,,^'^    Its  hydrochloride 
crystallizes  in  oeeiiles  or  TnnniTi»?fnfM^  prisms,  wfaidi  are  readily 
soluble  in  waiter  Bisnchsen  . 

C^H^N^  was  drst  prepared  by  Ht^mann  by  heating  aniline 
with  tetrachlt:>romethane ;  ^  it  is  more  readily  formed,  however, 
firoa  tetrabromomethane.^  Weith  obtained  it  by  heating  para- 
nitrobenzoic  acid  with  aniline  and  i^osphoms  trichlcmde,  and 
reducing  the  diphenylparanitrobenzenylamidine  thus  formed 
with  tin  and  hvdroehloric  acid,*  while  Michler  and  Walder 
prepared  it  by  the  action  of  aniline  on  trichloromethylsolphonyl 
chloride,  CClj.SO,CL^  It  is  insoluble  in  water,  slightly  soluble 
in  ether,  and  crystallizes  in  long  tablets,  melting  at  198%  On 
distillation  it  decomposes  into  hydrocyanic  acid,  benzonitril, 
ammonia,  aniline,  and   diphenylamine,  while  on  heating  with 

Wnllach  And  HofTmann,  Ann.  Chem.  Pham.  clxixiv.  79. 

Liini»richt,  ihid.  cxxxv.  82 ;  Dobner,  Ber.  Deutteh,  Chem,  Qt$.  xt.  233. 

Hofrnann,  Zeitnehr,  Chem.  1866,  165. 

Hofmann.  Jahreiiber.  Chem.  1868,  861. 

Holftf  an(l  Orovos,  Ann.  Chem.  Pharm.  clx.  178. 

Her.  IkuUeh,  Chem.  Oct,  xii  101. 

Ibid.  xiv.  2174. 
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hydrochloric  acid  to  160^  uiiliDe  azfed  pirfcnn.c»=^  ?.  n- 

formed: 


Phmyknebenaenfflamidinf,   CJi^y*,  -»!«    vt^zh-i    rj./r:-- 
henzoylorthodiamidobenzene : 

c,H /       COCA  =  CA         c.:,H,  •  H,: 


It  may  also  be  easily  prepared  by  T&ijcz^  tiicx-yjirnitz-r  - 
snilide  with  tin  and  hydrochloric  »c£i  •L-r  riir:  :c  Trrci-^^ri-^rrr: 
caused  by  the  reaction  being  sufficient  To  :?ii^  kV'i*  '-irr  d  r::ui- 
tion  of  the  anhydro-base.  It  is  slightly  s-i-I-irL-r  ii  "^i'^r  r^at:  7 
ni  alcohol,  and  crystallizes  fix>m  glacis  ^i^^-::-:  *-.i-:  zi  .--:--r  :* 
tablets,  melting  at  about  280°;  the  hydr>:Ll  :ri  :-r.  C-jMy^/.Vzz 
forms  long  needles,  wliich  are  readily  s^i-Iib.r:  ii  Ti.vrr. 

The  base  is  not  attacked  bv  benz-jvl  cLli-riir:  ^T^r.  i-  r>v'" 
on  heating   with   iodine  and  alcc-hol.  howeT^rT.  ity:  z^r.'Kilr 
Ci3H,qNj.IH.I2,  is  formed,  and  crvrailizes  in  Er:j%V.  iLi* 


<a    T .',.  ■  f. 


resemble  iodine,  but  have  a  green  s-itihce  I'lS'.Tr:  \z.i  \z=:  -  r.- 
verted  by  boiling  with  water  into  the  hy-irio-iiie  C:^H.  N.IH  — 
H,0,  crystallizing  in  long,  light  yellow  nee^iles. 

I^mthylphenylenchenzinyla m  ich  a  m  mc  n  iu/i\  iV'/wV .  C , _^H. .  N » 
(CH3)jI.  When  the  anhydro-base  is  heated  with  methyl  yA'A-: 
to  180°,  the  periodide,  CijHi^jfCHj^  J^.  L?  formeti :  this  i?Tic>- 
stance  crystallizes  in  long,  brownish  red  neeiil^.T?,  and  is  con- 
verted into  the  mono-iodide  by  boiliDg  in  alc^Aolic  s^^lution  with 
"eshly  precipitated  lead  hydroxide.  This  comj^^und  cr^stalliz^rs 
pom  hot  water  in  long  needles ;  caustic  potash  precipitates  from 
its  solution  the  hydroxide,  C^^U^^y /Cli;:  JjH,  in  ^^hite  fl.jcks, 
^hich  melt  at  152°  and  are  insoluble  in  water,  but  dissolve 
readily  in  hot  alcohol.  Its  solution  has  a  bitter  taste,  and  its 
^ta  crystallize  well ;  it  has  the  following  constitution  : 

OH 
CHjv    I   yCH., 

)n< 


SOS 


AROMATIC  COMPOUNDS. 


PhenylenenUrobcmenylamidine,  C,jHg(NOj)Nj,  is  obtained  by 

dissolving  the  anhydro-base  in  fuming  nitric  acid ;  it  crystallizes 
from  alcohol  in  yellowish,  microscopic  needles,  melting  at  196', 
It  is  reduced  by  tin  and  hydrochloric  acid  to  aw-idohensenyl- 
phenylmt-amidine,  OijHd(N'Hj)N2,  which  crystallizes  from  alcohol 
in  small  needles,  melting  at  240°.  The  hydrochloride,  CijH, 
(NH2)Nj(ClH)5,  forma  small  plates,  which  are  very  soluble  in 
water;  the  sulphate,  CijHoCNHjiNj.SOJIj  +  2H,0,  is  only 
slightly  soluble  iu  hot  water,  and  crystallizes  in  broad  needles. 

A  lai^e  number  of  other  similar  anhydro-bascs  is  also 
known.i     The  following  compounds  belong  to  the  same  class. 

Benzenylamidopkenate,  C^jH^NO.  Ladenburg  prepared  this 
compound  by  heating  ortho-amidopheno!  with  benzoyl  chloride, 
and  by  the  distillation  of  the  former  with  phthalic  anhydride : 


"<co>^ 


y-G(H,=0gH5.C; 


■X      >CeH,+CO,+H,0. 


It  crystallizes  from  dilute  alcohol  in  lustrous  plates,  melts  at 
103",  and  boils  at  314° — 317°;  it  combines  with  acids  to  form 
unstable  salts  ;  the  platinichloride,  (C,sHiuNO)gPtCle,  crystal- 
lizes from  alcohol  which  contains  hydrochloric  acid  in  yellow 
prisms.  On  heating  the  base  with  concentrated  hydrochli 
acid  to  150°,  it  decomposes  into  benzoic  acid  and  orthamido- 
phenol.' 

Bcnsenylamidothiopkenate,  CjjHbNS,  is  fonnod  by  boiling 
benzanihde  with  sulphur :  * 

C.H,.CO.NH(C.H,)  +  S  =  aH,.C^    ^C.H,  +  H„0. 

It  is  also  obtained  by  the  action  of  benzoyl  chloride  on  ortho- 
amidothiopheuol,  as  well  as  by  heating  the  latter  with  benz^ 
aldehyde,  or  benzonitril.*  It  is  formed  in  smaller  quantity^ 
together  with  other  products,  when  phenyl  mustard  oil  is  hcat«d 
with  benzoyl  chloride.*  It  crystallizes  from  alcohol  in  needlei 
which,  especially  when  heated,  smell  like  tea-roses  bs» 
geraniums,  melt  at  115°,  and  boil  at  about  360°.  Like  th< 
preceding  compound,  it  is  a  base  and  forms  a  platinichloridi 

'  Hiibnur,  Am.  Chtm.  Pl,ann.  vcy'm.  278  ;  ccLi.  33l» ;  ret.  328. 

■>  BrT.Devlmh.  Chem.  0«.  ii.  l&2fi. 

■  HofmnnD.  ibid,  nil.  2359. 

'  Ihid.  xiii.  1228.  "  P.^i.  liii.  17. 
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which  crystallizes  in  long  needles.  It  is  not  attacked  when 
heated  with  concentrated  hydrochloric  acid  to  200°;  on  fusion 
n-ith  caustic  potash  tt  is  resolved  into  amtdothiophenol  and 
bcQZuic  acid. 

^V     2118  The  three  liyiirc^ou  atoms  •>(  hydroxylamine  can,  as  was 
■pointed  out  by  Lossen,  be  successively  replaced  "by  benzoyl ; 

Benzbydroxylamine,  NOHjCCO.CgHJ, 
Dibenzhydrojtylamine,  NOH(CO.C|iHJj, 
Tribenzhydroxylamine,  NO(CO.CoHJ,. 

The  last  of  these  compounds  is  an  indifferent  substance ;  the 
two  others  are  acids,  and  have  therefore  been  called  by  Lossen 
benzhydroxamic  acid  and  dibenzhydroxamic  acid,^  Certain 
cases  of  physical  isomeriBmand  of  metamerism  are  characteristic 
of  tbem  and  their  derivatives.  Lossen  showed  somewhat  laUir 
that  these  peculiarities  as  well  as  numerous  decompositions  of  the 
compouuda  in  question  can  readily  he  explained  if  benzhydrox- 
amic  acid  he  looked  upon  as  an  oximido-compound  of  benzenyl ;  * 
its  formation  is  then  expressed  by  the  following  equations : 

/N.OH 

c,Hs.coci  +  H,N.OH  =  an.  Of         +  H„0. 

\ci 

^N.OH  .N.OH 

C,H..Or  +  H,0  =  CoH,.CC  +  HCl. 

\C1  ^OH 

It  is,  however,  also  possible  that  the  hydroxylamine  forms  an 
Ladditive  compound  with  the  benzoyl  chloride,  and  that  hydro- 
Uoric  acid  is  then  given  off :  ^ 


» 


/OH 
C,H,.C^NH.OH  = 

\ci 


0,Hj.C- 


^N.C 


The  other  oompounds  are  then  formed  hy  the  replacement  t 
the  hydrogen  of  the  hydroxyU. 

Hydroxylamine  hydrochloride  ia  dissolved  in  8 — 10  parts 
of  water,  together  with  au  equivalent  amount  of  sodium  car- 
bonate, and  3  parts  of  benzoyl  chloride  gradually  added,  the 
whole  being  then  well  shaken  up  and  cooleil ;  the  dibenz- 
hydroxamic  aoid  sei)ai-ates  out  together  with  a  portion  of  the 
benzhydroxaiiiic  acid,  wliich  is  removed  hy  recrystallization 
from  hot  alcohol.  The  bfiizhydroxamic  acid  remaining  in  the 
solution  ia  precipitated  by  barium  chloride,  and  then  liberated 
from  the  well-washed  precipitate  by  dilute  sulphuric  acid.  A 
fui-tber  quantity  of  it  can  be  obtained,  since  dibenBbydroxamic 
acid  splits  up  into  benzoic  acid  and  benzhydroxamic  acid  when 
heated  with  baryta  water, 

Bcnzhydroxamic  mid  or  Bcnzenj/loximic  acid,  C|,H5.CC0H)N0Hi 
crystallizes  in  rhombic  plates  or  tablets,  and  dissolves  in  Ha 
parts  of  water  at  6°,  much  more  readily  in  tolerably  warm  water, 
very  readily  in  alcohol  and  sbghtly  in  ether.  It  has  an  acid 
reaction,  melts  at  124° — 125°,  and  undergoes  a  sudden,  violent 
decomposition  at  a  higher  temperature.  When  heated  with  dilute 
hydrochloric  acid,  it  decomposes  into  hydroxylamine  and  benzoic 
acid.   It  is  monobasic,  but  forms  acid  salts  with  the  alkali  metaU. 

Acid  potassium  hemhydroxavmte,  CoH5.C(OH)NOK  +  CgH^C 
(OH)NOH,  is  tolerably  soluble  in  cold  water,  scarcely  in  alcohi 
and  crystallizes  in  small  rhombic  plates  or  flat,  pointed  prism 
which  deflagrate  sometimes  with  the  production  of  flame,  wh« 
heated.  The  normal  salt  ia  readily  soluble  in  alcohol ;  y 
evaporation  of  the  solution,  however,  the  acid  salt  and  potassiix 
carbonate  separate  out. 

Add  sodium  lunzhydroxamate,  C^i^.G\OWi^O'^&-\-QJi^.C 
(OH)NOH-|-3HjO,  is  somewhat  more  readily  soluble  in  water, 
slightly  in  alcohol,  and  crystallizes  in  long,  thin  plates,  or  1 
elongated  tablets,  which  rapidly  deliquesce  in  the  air. 

Add  barium  hydroxaniaU,  (C,HgNOg)jBa+C,HjNOj,  fori 
small  prisms  scarcely  soluble  in  water  and  alcohol 

Nw-mal  barium  hydroxamale,  (CjHgN02)jBa,  is  ootained  1 
the  addition   of  barium   chloride    to   a   solution   of  the   i 
potassium  salt  which  has  been  treated  with  ammonia ;  it  fo 
microscopic  needles.  The  calcium  salt  is  a  precipitate  resemblii 
alumina ;  the  bcnzhydroxamates  of  most  uf  the  other  metals  t 
also  insoluble. 

TJie  behaviour  of  the  acid  and  its  acid  salts  towards  fer 


oride  is  very  characteristic  ;  a  dark  red  precipitate  is  formed 
wliich  difisolvea  in  an  excess  of  the  precipitant  with  a  deep 
therry-red  colour,  which  is  not  altered  by  the  addition  of  dilute 
hyilrocliloric  or  siilphuric  acid,  but  is  destroyed  by  concentrated 
hyJroclilaric  acid ;  the  addition  of  water  causes  the  reappearance 
of  the  colour.  If  the  original  solution  contains  hydrochloric 
^cii,  ferric  chloride  only  proiluces  a  colouration. 

When  tlie  barium  salt  is  distilled  with  a  little  water  aniline  is 
fortiied ;  * 

12(C,H,C(OH)NO)^+HjO  =  2C„H,.NH2+CO,+BaCO.. 
^kl  Itnzhydroxamate,  C^n^.C{OK)OCfi^,  is  obtained  by  the 
■™on  of  ethyl  iodide  and  caustic  potash  on  a  solution  of  the 
•rid  in  alcohol,*  as  well  as  by  that  of  benzoyl  chloride  on  ethyl 
tydronjlamine,  HjN(00(Hs).'     It   \a   very  shghtly  soluble  in 
*^>^,  readily  in  alcohol,  and  crystallizes  in  thick  tablets,  which 
,        fplt  at  64° — 65°  and  are  resolved  at  190°  into  alcohol,  aldehyde, 
"^Qzamide  and  phenyl  isocyanate.      It   is   readily   soluble  in 
*"'ali*,  being  re-precipitated  from  solution  by  acids  and  even  by 
l^bon  dioxide ;  on  beating  with  concentrated  hydrochloric  acid, 
it  decomposes  into  benzoic  acid  and  ethyl  hydroxylaniine.     If 
I        ^ual  molecules  of  the  ether  and  caustic  potash  bo  dissolved  in 
^■alcohol  and   treated  with   silver  nitrate,   a   white   precipitate 
^krfC,Hj.C(OAg)NOC^s.  is  obtained,  which  blackens  only  on 
^PCfteatiog.  wbile  silver  beozhydroxamate  blackens  and  decomposes 
^^  Mnmediately  on  precipitation. 

Stnzoifl  ethylhetahydroxamale,  or  BemdhylbemhydTOxylamine, 
f'.Hj.C(0.C0.CBHJN0C,H5.  is  obtauied  by  the  action  of  benzoyl 
pWoride  on  an  alkaline  solution  of  the  ether ;  it  is  reatlily  soluble 
""  alcohol  and  ether  and  forms  transparent  rhombic  crystals, 
■Melting  at  48°— *9°.* 

^'JQ  DilieTKhydroxamic  add,  or  BenzoylbcTizoxiviie  acif/,Cg}i^.C 
Y^JNO.CO.C(,Hj,  which  is  produced  by  the  action  of  benzoyl 
"^"'oride  on  benzbydroxamic  acid,  crystallizes  from  hot  alcohol  in 
^^les,  and  on  the  spontaneous  evaporation  of  the  solution  in 
S'e^  lustrous,  rhombic  prisms  ;  it  has  au  acid  reaction,  melts  at 
y. '  ,*  and  decomposes  violently  at  a  liigher  temperature  with 
■  **«tion  of  carbon  dioxide,  benzoic  acid,  benzaniHde  and  phenyl 
i^anate.'     On  heating  with  hydrochloric  acid  it  splits  up  into 

»    ^^r^nii.  Chem.  Pha-nii.  rUxT.  323.  '  WiilJstain,  ibid.  clixxL  381. 

^iirlw,  ibid.  CUV.  278.  ■  I'iupcr,  ^lid.  rcxvil  8. 

^^tciner,  ibid,  clxxviii.  336.  '  I'i^bcIidI,  ibid,  clxxv.  SDG, 
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benzoic  acid  and  hydrosylamine,  wlkile  alkaJis  decompose  it  into 
benzhydroxamic  acid  and  benzoic  acid,  so  that  the  former  acid 
can  be  prepared  from  it  by  means  of  baryta  water.  Its  alkali 
salts  on  the  other  hand  are  decomposed  by  water  even  in  the  cold, 
more  rapidly  on  heating,  with  formation  of  benzoic  acid,  carboOj 
dioxide  and  diphenyl  urea ; 


^NO.CO.CeHj 

+ 


2C.H,.Cr  +  H„0  =  2CbH,.C0.0K  + 

\0K 


^\] 


saa 


■■tin 

3 


As  already  mentioned,  bonzhydroxamic  acid  can  be  directly 
converted  into  aniline,  while  dibenzhydroxamic  add  yields 
derivatives  of  this — phenyl  isocyanate,  benzanilide  and  diphenyl 
urea — from  which  aniline  can  easily  be  obtained.  Since  the 
homologues  of  benzoic  acid  also  yield  oximes,  a  general  method 
is  established  by  which  the  carboxyl  of  a  monobasic  aroraal 
acid  can  be  replaced  by  an  amido-group  (Lossen). 

Inversely,  the  aniido-gronp  of  amido-com pounds  can  be 
placed  by  carboxyl,  and  aniline  thus  converted  into  benzoic  i 
(Part  III.  p.  31), 

Potassium  dUenzhgdroxamate,  CoHj.C(OK)NO.CO.CoHj.  is 
precipitated  in  thin  plates  wlien  alcoholic  solutions  of  the  acid 
and  caustic  potash  are  mixed.  If  silver  nitrate  be  added  to  its 
freshly  prepared  aqueous  solution,  a  white  precipitate  of  the 
silver  salt  is  obtained  ;  if  this  be  dried,  covered  with  ether  and 
treated  with  ethyl  iodide,  the  ethyl  ether  is  obtained  in  two 
isomeric  forms,  one  of  which  is  an  oily  substance/  while  the 
other  is  dimorphous. 

a-Elkyl  dihejizhydroxamate,  CflH^.CCOCjHJNO.CO.CaHj.  is 
the  chief  product  of  the  reaction ;  it  is  readily  soluble  in  ether 
and  alcohol,  and  crystallizes  in  four-  or  eight-sided  rhombic 
prisms,  melting  at  58° 

^-Ethyl  dihemhydroxamaie,  which  is  only  formed  in  very  small 
quantity,  is  more  readily  soluble  than  the  a-compound  and  forms 
triclinic  crystals,  melting  at  63°. 

These  modificationa  cannot  he  directly  converted  into  each 

>  Eiseler,  Ann.  Clirm.  Pluirm.  e\xxv.  326  ;  Ourke,  ibid.  cct.  27», 


artier;  on  heatiag  they  decompose  into  benzonitril,  aldehyde  and 
ic  acid : 

C.Hs.CC0C^s)N0.C0.C«H5  =  C„H,.CN  +  C\H.O+ 
C.HiCO.Oa 

CoDcentrated  hydrochloric  acid  decomposea  tliem  into  henzoie 

A,  etliyl  benzoate  aud  hjdroxylamine,  while  on  heating  with 

0  potash,  benzoic  acid  and  two  isomeric  ethylhydroxaioic 

■ciilg  are  formed. 

The  oily  ether  is  also  readily  soluble  in  alcohol  and  ether, 

iJ  behavea  chemically  lite  the  two  others ;  it  is  only  formed  in 

Jl  (]iiantity  and  has  not  been  closely  investigated. 

a-Sikylbmzhydroxamic  add,  CaH„.C(OCjHs)NOH,  is  readily 

soluble  in  alcohol  and  ether ;  it  crystallizes  fi-om  a  mixture  of 

ethor  and  benzene  in  inonoclinic  tablets  or  prisms,  melting  at  53'5°. 

The  ethyl  ether,  CoHj.C(OCjH5)NOC^s,  is  formed  by  the 

ethyl  iodide  on  a  solution  of  the  acid  in  alcoholic 

It  is  a   powerfully   refractive    liquid   which   has   a 

sant  aromatic  odour,  and  boils  at  24*°  with  slight  decom- 

Wition  ;  its  vapour  has  a  sp.  gr,  of  6'56  (Giirke),     On  heating 

li  alcohol  and   hydrochloric   acid,  it  forms    ethyl  benzoate 

•d  etbyl  hydroxylamine, 

S-Ethylhydroxaviic.  arul  is  isomorphous  with  the  a-compound, 
•'lit  it  melts  at  eT'S" — 68°,  ia  more  soluble  in  petroleum  spirit, 
leas  60  in  caustic  potash,  and  is  more  readily  extracted  from 
this  by  ether.  Its  ethyl  etlier  is  so  similar  to  that  of  the 
"-compound  that  it  is  doubtful  whether  they  are  distinct 
^^*ul«tancea. 

^^L  ^th   acids    are    formed    simultaneously   by   the    action  of 
^^fedroxylamine  on  benzimido-ethyl  ether.^ 
^^r  It  is  ahnost  completely  converted  into  ethyl  |8-dibenzhydroKa^ 
1       mate  by  the  action  of  benzoyl  chloride.^ 

Siao  TH^eiizhydroieylamine,  or  IHhcnxohenzoximate,  CoHj.C 
(O.CO.CflHj)NO.CO.CaH5,  is  obtained  in  three  modifications  by 
'feating  dry  hydroxylamine  hydrochloride  with  a  solution  of 
wnaoyi  chloride  in  toluene,  or  by  heating  potassium  dibenz- 
liydroxamate   with    benzoyl   chloride.*     It    is,    however,   best 

Icuen  and  Ziuini,  An*.  Ckcm.  Pkarai.  ckxjiil  220. 

ladHtn,  Bit.  Deuttck.  Vhem.  Oal.  xyii.  15S7, 

Gttrke,  Ann.  Chem.  Pharm.  ocv.  281. 

'  Vn.   Ckein.  Phana.   elxL  360  ;  ckxv,   2S3  ;  cbxxvi.  3i  ;  SU-iDcr, 


prepared  by  acting  upon  silver  dibenzhjdroxamtite  with  a  solution 
of  benzoyl  chloride  in  petroleum  ether,  and  allowing  the  wLolo 
to  stand  until  the  silver  chloride  has  separated  as  a  dense 
precipitate  (Lossen). 

a-TrihcTizkydroxylamine  is  slightly  soluble  in  cold,  more 
readily  in  hot  alcohol  and  ether,  and  forms  monoclinic  crystals, 
elongated  in  the  direction  of  tlie  ortho-diagonal,^  which  melt  at 
100°.  It  is  completely  split  up  into  benzoic  acid  and  dibenz- 
hydroxamic  acid  by  heating  for  an  hour  with  hydrochloric  acid 
of  sp.  gr.  1'05. 

^-Tnbfnzhydroxylam.i7L6  ia  insoluble  in  ether,  sliglitly  soluble 
in  cold,  more  readily  in  hot  alcohol,  and  forms  small,  lustrous, 
monoclinic  crystals,  melting  at  141° — 142*  (Klein  and  Trech- 
mann).  It  is  decomposed  by  concentrated  liydrochlorie  acid  at 
150°  into  benzoic  acid,  dibenzhydroxaraic  acid  and  hydroxyl- 
amine. 

'^-TriJienzkydroxylaniine  is  only  formed  in  small  quantity;  it 
crystallizes  in  short,  monoclinic  prisms,  melting  at  112°,  and  is 
to  a  large  extent  converted  into  the  y9-compound  by  dilute 
hydrochloric  acid. 

All  the  three  modifications  are  resolved  on  dry  (HsUllation 
into  benzoic  anhydride  and  phenyl  isocyanate : 


C,H,.C! 


^NO.COCflH, 
\o.CO.C,H. 


=  CeH5NC04-(CO.CoH  J,0. 


I 


Tliey  are  decomposed  by  alcohoUc  potash  into  dibenzbydrox- 
amic  acid  and  benzoic  acid. 

The  cliemical  behaviour  of  these  substances  is  therefore  iden- 
tical, and  they  present  an  instance  of  bimorphism,  for  although 
they  all  crystallize  in  fonns  belonging  to  the  monoclinic  system, 
these  forms  are  distinct  ones  and  cannot  bo  derived  from  one 
another. 

Bcnzenylamidoxime,  or  Boizhydroxaviidt,  CgH5.C{N0H)NH, 
is  formed  when  a  solution  of  hydroxylamine  and  benzonitril  ia 
dilute  alcohol  is  heated  to  80°  for  about  eighteen  hours:* 


CbH,.g=n + H  jN.  OH = c„Hb.c: 


-N.OH 

:.  104. 

ii.  ISA,  I0S7i  ii'vL  f. 


^B  BENZHTDROXAUIDK  8 1 3 

X't  is  also  formed  by  the  action  of  hydro xylamine  on  benz- 
stmiihne,  CgHj.C(NH)NHj,  and  was  described  by  Pinner  as 
bcTKoxii  mid  itic.  ' 

It  is  readily  soluble  in  alcohol  and  ether,  and  crystallizes  from 
bot  water  in  long,  flat,  acute  priama,  melting  at  79° — SO".  It  is 
precipitated  by  petroleum  spiiit  from  its  solution  in  benzene  in 
needles.  Its  solution  is  coloured  deep  red  by  ferric  chloride ;  it 
forms  salts  both  with  acids  and  bases.  Benzamide  and  nitrous 
oxide  are  formed  by  tlie  action  of  sodium  nitrite  on  its  hydro- 
chloride, wliile  when  heated  to  200°  with  hydrochloric  acid,  it 
decomposes  into  ammonium  chloride  and  benzoic  acid. 

Benzenylamidoxime  is  poisonous ;  thus,  05  grm.  proved  fatal 
to  a  dc^,  0*1  gnn.  to  a  rabbit,  and  0'03  grm.  to  a  frog. 

Its  alkyl  ethers  are  formed  by  heating  the  sodium  salt  with 
the  corresponding  iodide. 

Sayl  ether  of  hetizenylamidotdme,  C,Hj.CCNOC^Hj)NHj,  is 
almost  insoluble  in  water,  but  rcailily  soluble  in  alcohol  and 
ether,  and  crystallizes  in  rhombic  plates,  which  melt  at  67°,  and 
dissolve  in  acids  but  not  in  alkalis.  Its  hydrochloride  crystal- 
lizes well. 

BrMzenyletkorime  chloride,  C„Hj.C(N'OCjHs)Cl,  is  formed  when 
solium  nitrite  is  added  to  a  well-L'ooled  solution  of  the  ether : 

C,Hj.C(NOC,HJNHj  +  HCl  +  NaN0j  =  CaH,.CCN0C,H5)0H 

+  NaCI  +  HjO  -i-  Nj. 

C,Hj.CCNOC^JOH  4-  Ha  =  CaH5CN0C^s)Cl  -h  HjO. 

Awwding  to  Ixwsen,  a  diazo-compound  is  probably  formed  at 
""t,  and  then  decomposes  iu  the  following  manner :  * 

^NOCHj  /.NOC„H, 

CsH(.cr^         "      +HCl  =  aHvC(  '     -|-N,-|-H,0. 

^N— NOH  ^01 

The  chloride  is  also  reaflily  produced  by  the  action  of  phosphorus 
I-e'itachloride  on  ethyl  benzliydroxamate,  CbH^.CCNOC^HJOH.' 
't  is  an  oily^  aromatic  liquid,  which  boils  at  239°,  is  not  decom- 
[fseii  by  water  or  alcohol,  and  is  not  even  attacked  when  heated 
'"f  a  short  time  with  acids  and  altalis.  When  heated  with 
iikohoiic  ammonia  to  160° — 180°,  however,  the  amidoxiTne  ethyl 
'^^er  is  re-formed,  and   it   is  converted  by  the   action  of   a 


AROMATIC  COMPOUNDS. 


solution   of  sodium   in  absolute  alcohol  into  ethyl   ethylbenz- 
hyilroxamate. 

Bf-nsffylhcTvienylamidoxime,  CeHi.C(N0.C0.CgH5)NHj,  ia 
formed  by  the  action  of  benzoyl  chloride  on  benzenylaraidoxime. 
It  crystallizes  in  fine,  white  needles,  which  melt  at  140°,  and 
are  soluble  in  alcohol,  ether,  and  acids,  but  not  iu  alkalis. 

2I2I  Diheiacnylaxoximc.  (C,H5)jNjO,  is  obtained  by  beating  I 
the  compound  just  described  beyond  its  melting-point,  or  by  I 
treating  it  with  dehydrating  agents,  auch  as  benzoic  anhydride  I 
or  benzoyl  chloride : 


NO.CO.CaHj 


=  CjH,.C: 


:C.CaHs  +  Hp. 


It  ia   scarcely  soluble  in   water,   but  readily  in  alcohol,  and  I 
crystallizes  in  long,  fine  needles,  which,  after  drying,  resemble  ' 
asbestos   and   melt  at   108°,  but    sublime   at   a    much  lower 
temperature. 

Ethenylbciaenylaxoxime  is  formed  by  the  action  of  acetic  anhy- 
dride on  benzenylamidoxime,  and  is  very  similar  to  the  preceding 
compound,  crystallizing  in  needles  which  readily  sublime,  have  a 
characteristic  odour  and  melt  at  41°.  It  ia  isomeric  with  benz- 
enylethenyloMxime,  which  is  obtained  by  the  action  of  benzoyl 
chloride  on  ethenylamidoxime,  CHj.C{NOH)NHj,  and  forms 
aromatic  needles,  which  melt  at  hi"  and  subUme  very  easily.' 
The  isomerism  of  these  two  compounds  is  shown  by  the  follow- 
ing formuhe : 


Etlienjlbenienyl&mxiine. 

C.H,.Cf        ^C.CH. 


"V 


N-' 


>C.C,H,. 


Acetylberaenylamid(xrimc,  CoHg.C(NO.CO.CH,)NHj.  is  fomie<l 
by  the  action  of  acetyl  chloride  on  an  ethereal  solution  of  benz- 
enylamidoxime.    It  crystallizes  from  alcohol  in  small  plates  or  i 
flat  prisms,  which  melt  at  96°,  and  are  easily  converted  into  1 
ethenylbenzenylazosime.  the  change  being  brought  about  even  1 
by  boiling  with  water.' 
Ethyl  hetmnylam-idimmecarboTylatc.  CoHj.CCNH^NO.CO.OCjHJ 


bENZENVLAZOXIMK  CAItBINOL. 


ii  oljuined  by  adding  ethyl  chlurocarbonate  to  a  solution  of 
benzenylaiuidoximc  in  chloroform.  It  crystallizes  in  long, 
luetruus  needles,  which  melt  at  127°  and  are  decomposed  at  a 
higher  teoiperature.  or  on  heating  with  water,  into  the  following 
compound,  alcohol  being  removed  : 

Bntunylasoxime  carhinol,  C^H^tifi^,  is  most  simply  prepared 
by  heating  benzenylamidoxime  with  ethyl  chlorocarhonate.  It 
crystftllizes  from  hot  water  in  long  needles,  melting  at  197°. 
It  readily  dissolves  in  alkalis ;  its  aqueous  solution  tm«  an  acid 
reaction  and  decomposes  the  carbonates  of  the  alkaline  earth 
netftk  Silver  nitrate  precipitates  the  white  crystalline  silver 
Bait  from  a  solution  neutralized  with  ammonia,  and  copper  sul- 
phate, the  green  copper  salt,  (C^HjNjO^jCu. 

According  to  the  method  by  which  it  is  prepared,  benzenyl- 
a»)rime  carhinol  should  have  the  first  of  the  following  formula ; 
its  whole  behaviour,  however,  corresponds  with  the  second,  and 
ui  intramolecular  change  must  therefore  bo  assumed : 


.NO. 


C-H^Cf         >C0  CgHs-C; 


-N— 0 


'\_ 


N- 


C.OH. 


when  benzenylamidoxime  is  brought  into  contact  with  carbonyl 
chloride  dissolved  in  benzene.  It  is  almost  insoluble  in  the 
latter  and  is  precipitated  by  water  from  its  alcoholic  solution 

■  in    small   plates,   melting   at   128° — -129°.      On   heating  with 
iaustic  soda  solution,  the  preceding  compound  is  formed.* 
Benzenybtzoxime  propcnylmrboxylic  acid,  C^fi^^^fi^,  is   ob- 

■Isined  by  heating  benzenylamidoxime  with  succinic  andydride : 


^N.OH         CH.-CO, 
CeHj.Cf  +1  >0  = 

\NH.  CH,— CO^ 


w — O. 
C.Hs-Cf  >C— CHj— CHg— CO.OH  +  H,0. 

\— N  =  **^ 

Bi  crj^tallizes  from  hot  water  in  small,  lustrous,  white,  rhombic 
plates  or  prisms,  melting  at  1 20°. 
The  anhydrides  of  other  dibasic  acida  give  similar  compounds.- 


S18  AROMATIC  COMPODNDS. 

MetanUrohmunf/laiiiuloxime,  CbH,(NO,)CCNHj)NOH.  Meta 
nitrobenzonitril  readily  combines  with  hydroxylamine  to  form 
tMa  compound.  It  crystallizes  in  orange -coloured  prisms,  melt- 
ing at  174°.  A  series  of  compounds  has  been  prepared  from  it, 
corresponding  to  those  described  above.' 

Metamuiobenzenyhmidoanmc,  CoH^(NHa)C(NHj)NOH, 
formed  by  the  reduction  of  the  preceding  compound,  and 
separates  from  ether  as  a  yellow  oil  which  gradually  soHdifiei 
Its  hydrochloride.  CoH,(NH3Cl)C(NH3CI)NOH,  crystallize* 
from  hot  water  in  prisms. 

Metahydroxyhmxenylamidoxime,  CeH,(0H)C(NH^NOH. 
been  prepared  from  the  amido-compound  by  the  diazo-rcactioOj 
and  crystallizes  from  dilute  alcohol  in  light  yellow  needles,  melb 
ingat  163°.* 


HALOGEN-SUBSTITUTION    PRODUCTS   OF 
BENZOIC    ACID. 

2122  When  an  atom  of  hydrogen  in  benzoic  acid  is  replacec 
by  an  element  of  the  chlorine  group,  a  meta-compound  is  forme4 
and  not,  as  in  the  case  of  toluene  and  the  benzyl  compounds,  i 
para-compound,  accompanied  by  a  small  amount  of  an  ortbo 
componud. 

Substituted  benzoic  acids  are  obtained  by  the  oxidation  of  tin 
corresponding  alcohols  and  aldehydes,  as  well  as  of  the  substito- 
tion  products  of  tolueue  and  auch  other  compounds  as  ari 
selves  readily  oxidized  to  benzoic  acid. 

They  may  also  be  obtained  from  the  amidobenzoic  acids  by 
means  of  the  diazo-reaction.  The  old  method,  prop(«ed  by 
Griess,  consisted  ia  heating  a  diazo- amidobenzoic  acid  wit! 
hydrochloric,  hydrobromic,  or  hydrofluoric  acid  : 

N.NH.C.H,.CO,H 

11  +  HCl  =  NHj.C.H..CO„H  -i-  aH,CLCO,H  -i-  NJ 

NCjH,.CO,H  ^ 

He  subsequently  found  that  the  sulphates  of  the  diazoben: 
acids  are   more    suitable  for  the  purpose ;  one  p;irt  is  boiled.1 
with  3  to  5  parts  of  the  hydraeid,  the  substituted  benzoic  acid  I 

'  Schopff,  Ber.  Dcutach.  Chem.  Oa.  xvHi.  1063.         »  Ibid,  iviii.  ■ 


ORTHOCHLOHOBENZOIC  ACID. 


rating  out  on  cooling  &a  a   mass  of  crystals.      Hydriodic 
d  acta  in  this  way  even  in  tLe  cold : ' 


■  1  +  HI  =  CaH,I.CO„H  +  SO.H,  +  Nj. 

SO.H 


^: 


A  reaction  which  poasessea  considerable  theoretical  iDterest 
lias  been  employed  for  the  preparation  of  these  compounds  by  v. 
Rjthter.  Whenparanitrochlorobettzencorparanitrobroinobenzene 
18  Leated  with  alcohol  and  potassium  cyanide,  the  nitrosyl  group 
13  replaced  by  hydrogen,  and  the  cyanogen  group  takes  the 
ineta-position,  the  nitril  of  metachloro-  or  metabromobenzoic 
acid  being  formed,  while  metanitrochlorubenzene  is  converted 
into  orthochlorobcnzoyl  chloride.  Orthonitrochlorobenzene  and 
orthonitrobromobenzene,  on  the  other  hand,  are  not  attacked  by 
potaasium  cyanide.* 

The  halogen -substitution  products  are  readily  converted  into 
henzoic  acid  by  the  action  of  sodium  amalgam  and  water. 


MONOCHLOEOBENZOIC    AciDS,    CoH^Cl.COjH, 

aiaa  Orihachiorohcmffic  acid  was  obtained  by  ChiozzaiD  1852, 
t>y  heating  salicylic  acid  {orthohydroxybenzoic  acid)  with  phos- 
phorus pentachloride,  and  decompoaiDg  the  fraction  of  the  dis- 
^Uate  boiling  between  200° — 250°  with  water.'  It  was  believed 
'*»  be  identical  with  the  chlorobenzoic  acid  which  is  formed  by 
the  direct  chlorination  of  benzoic  acid,  until  Limpricht  and  Uslar, 
f*  Well  as  Eolbe  and  Lautemann,  showed  that  the  latter  compound 
'■  a  distinct  substance,  and  gave  it  a  distinctive  name,  chloro- 
*^ylic  acid.*  KekuU  obtained  the  same  acid  in  a  similar 
'*'*imer  from  wintergreen  oil,  which  consists  chiefly  of  methyl 
■alicylate.* 

Ite  formation  will  be  discussed  under  salicylic  acid.  In  order 
^  prepare  it,  an  intimate  mixture  of  one  molecule  of  sodium 
^cylate  with  two  molecules  of  phosphorus  pentachloride  is 
"■stilled,  the  portion  boiling  above  240°  separated,  and  de- 
'*'nposed  by  boiling  caustic  soda  solution,  the  acid  being  then 
pf^cipitated  by  hydrochloric  atid  {Kolbe  and  Lautemann). 
"^  precipitate  is  dissolved  in  the  smallest  possible  quantity  of 


Aai>MAnc  coMPorjoK. 


b*i'rn^  iririrr  inii  •I'ar.jti  ▼ira  %  iisti'c  excess  of  weak  milk  of 
Init:  nu.T-i:2i  ■=:ilii:7iikr»f  is  "iias  fonziirii  an«i  separates  compktely 
"Ti^-a  -2.?r  "?•  '-"I .  a  15  Tr^ril  idrrett  a&i  h^aceii  on  the  wat^-hath 
i  r  T-  me  !■  TITS.  Tae  dltnce  5§  preciphaceii  with  hydroGhloric 
utjI-  izji  "ne  ]r:iii>:iiiL^r:h«L3Dic  acid  pori^ei  by  re-CT]f?tallizati<m 
i*  m  >  ilin:^  T~icr:r.-  The  aiirr^ire  ot  3*3*1*  can  also  be  separated 
bv  ;->sr-":Lr-i  n  -rriL  iCdam.  wrm  which  salicvlic  acid  alone  vola- 


r  iTf  silicyiii.'  iimi  maj  3e  siasd'rui^cfi  f'>r  the  sciiom  salicylate.* 
A'-"'J'-ri:n;X  " :  Call's,  i^  a  aetier  to  employ  wintergreen  oil,  to 
waicd  'iie  pjiLscii*  rzs  pe!Li:aL'aIi:ride  most  be  gradually  added, 
Tue  3iixnrr  Jiearei  :«:r  .1  con^id^able  mne  until  hTdrochloric 
Ji.*ji   ^::kS4c5  :•:   be    r^'ilved.  and  then  distilled  and  treated  as 

C'r'ilix'ill'.rTceasiric   M»i   is  also  farmed   when  orthochloro- 
xI'icEin?  .<  >ilei  wri  i  -iflTiM  soludon  of  potassium  perman- 
pziirsf.'     >   iiastiv^  in  SJ^l  ports  of  water  at  0^  is  readily 
ji^cibic  -Ji  ivT  -T^UcF  ;in>i  alcijhoL  and  crystallizes  in  long,  alky 
:it:t>i.v<  w-:^cti  ziel"  -Xu  137*.  and  sublime  in  lustrous  crystals. 
I:  r::cL-s  -v'ltfz.  ica:ai  wiih  a  little  water,  in  the  same  manner  as 
S.cj'.-c    -wi'L     W~2.fa  heatel   to   200'  with  caustic  potash,  it 
7>:".«:5  1*   vtr  c^n:.  :i  salicylic  acid  and  20  per  cent,  of  meta- 
^T-.r.xTS-rjiv:!-:  Jicii.  ct^'ial  ^juantities  being  formed  when  caustic 

'/:.*-.  i.it.  .^O  rii.\''^:r*rizca:^.  C-H^ClOj)  jCa + 2HjO,  aystallizes 
iw  rr.>r-:5.  wrich.  jLre  very  slightly  soluble  in  alcohol,  but  very 
rv:wi:*.v  1-  vA:cr.  The  solution  of  the  acid  in  ammonia  is  there- 
tore  ::■;:  prfvipitat^  by  calcium  chloride,  and  it  may  thus  be 
disti-^j^ishTAi  ir.^Ei  its  isomerides. 

O'^.^Mii.'^rxK'izc^/.  tAJ^w-kiV.  C^H^CLCOCl,  is  obtained  in  the 
purv  state  by  the  action  of  phosphorus  chloride  on  the  acid.  It 
is  a  heavy,  powerfully  refractive  liquid  which  fiimes  in  the  air 
and  KvLls  at  235  *" — 2SS'  ^Emmerling). 

Ortho:h^^^r\y-riZK>nUriL  C^H^CLCN,  is  formed  by  the  action  of 
phosphorus  poutaohloride  on  salicylamide,  CgH^(0H)C0.NH2. 
It  crystallizes  iVinn  hot  water  or  ether  in  white  needles,  which 
smell  like  beuzonitril  and  melt  at  42" — 43'.     It  sublimes  readily, 

^  Boilstein  and  Reichenbach,  Jnn.  Chan,  Pharm.  cxxxii.  311. 
'  Hiibner  and  Upmann,  Zeitxhr.  Chcnu  1870,  293. 

»  Hiibner  and  Biedermann,  Ann,    Chan.  Pharm.  cxliL   263  ;   Wilkcns  and 
Raok,  ibid,  ccxxii.  192. 
*  Glutz,  ibid,  cxliii.  194  ;  Ost,  J<mm,  Prdkt.  Chem,  [2]  xi  880. 
0  Emmerling,  Ber,  DtuUeh,  Chem.  Qes,  viiL  880. 


METACirLOROBENZOIC  ACID. 


^BolU  at  232°,  and  is  converted  into  ortbochlorobenzoic  acid  when 
^Heated  to  150°  with  dilute  hydrochloric  acid.' 
^f  2124  Metaehlorobenzoic  acid.  Herzog.  iu  1840,  found  that  the 
action  of  chlorine  upon  benzoic  acid  produces,  among  other  pro- 
ducts, a  chlorinated  acid  resembling  benzoic  acid,  but  he  did  not 
analyze  the  substance.'  Scharling  subsequently  obtained  an  acid 
by  the  distillation  of  urine  with  hydrochloric  acid,  which  had  the 
compoaition  of  chlornbenzoic  acid,  and  which  ho  named  chloro- 
mUhmie  acid  {SfiLj^jia,  urine),'  but,  aa  Gmelin  pointed  oiit,  it 
waa  not  to  be  distinguished  from  chlorobenzoic  acid.*  Stenhouse 
prepared  the  latter  by  treating  benzoic  or  cinnamic  acid  with 
chlorine,  bleaching  powder  or  potassium  chlorate  and  hydro- 
chloric acid,  but  was  unable  to  free  it  from  higher  chlorine 
substitution  products.*  Field,  however,  found  that  it  can  be 
obtained  pure  by  boihng  benzoic  acid  with  potassium  chlorate 
and  hydrochloric  acid,  and  this  was  confirmed  by  Otto."  As 
already  mentioned,  this  acid  waa  believed  to  be  identical  with 
the  chlorobenzoic  acid  prepared  from  salicylic  acid,  until  Lim- 
pricht  and  Ualar  showed  that  the  acid  obtained  in  this  way  is 
different  from  that  obtained  by  treating  sulphobenzoic  acid  with 
phosphorus  pentachloride,  and  decomposing  the  resulting  cbloro- 
I  benzoyl  chloride  with  water.''  The  chlorobenzoic  acids  formed 
'  f  these  different  reactions  wcro  made  the  subject  of  a  close 
investigation  by  Beilstein  and  Schlun,  which  resulted  in  their 
roving  the  existence  of  three  isomeridea,  the  third  of  which 
i  been  obtained  by  Beilstein  and  Wilbrand  from  nilrodracylic 
cid  (Part  III.  p.  34).^ 
Metaehlorobenzoic  acid  was  also  obtained  by  Saint- Evre® 
U>y  the  action  of  chlorine  on  a  solution  of  benzoic  acid  in  caustic 
Wtash,  and  was  named  ckloronic^Mtc  acid,  CuH^ClOj.  It  is 
3  formed  when  benzoic  acid  is  heated  with  antimony  cliloride 
md  the  product  treated  with  water,'*  as  well  as  by  the  oxidation 
f  metachlorotolueno  with  chromic  acid." 
In  order  to  prepare  it,  potassium  chlorate  is  gradually  added 
>  benzoic  acid  suspended  in  hydrochloric  acid ;   the  reaction, 

'  HoniT,  Ber.  Dcnlxh.  GJttm.  Oat.  vi.  102. 

'  Bnndea,  Ardi.  Phanit.  xiiij.  tS. 

>  A-KM.  Chan.  Pharm.  ili.  4S  ;  ijii.  26S. 

•  Sandb.  Org.  Clum.  iii.  92. 
»  FKa.  Itag.  xxviL  129  ;  Ann.  Chem.  Fharm.  lnv.  E5. 

•  Ibid,  exiil  142.  '  Ibid.  cii.  25i>. 

•  Ihid.  c«iui.  293.  '  Ibid.  Inc.  267. 
"  Gflrlmrdt,  Trailt  Chim.  Org.  iii.  214. 
"  WrohUwaky,  Ann.  Chat.  Pharm.  clxriii.  300. 


which  proceeds  quietly,  must  be  occasionally  aided  by  gentld 
warming.  Wljeii  26  parts  of  chlorate  have  been  added  to 
10  parts  of  the  acid  and  about  90  parts  of  hyth-ochloric  acid, 
the  mixture  is  heated  to  boiling,  and  the  acid  which  separates 
on  cooUng  converted  into  the  barium  salt,  which  is  then  purified 
by  re-crystallization. 

According  to  Htibner  and  Weiss,  it  can  readily  be  obtained 
and  in  a  very  pure  condition  by  heating  7  grms.  of  benzoic 
acid  to  150*  with  4  grms.  of  manganese  dioxide  which  haa 
been  washed  with  hydrochloric  acid,  and  40  grms.  of  fuming 
hydrochloric  acid,  and  re-crystalling  the  product  two  or  three 
times.' 

2\opcTtifs. — It  dissolves  at  0°  in  2840  parts  of  water  (Kolbe 
and  Lautemann),  more  readily  in  hot  water  and  alcohol,  and 
crystallizes  in  concentrically  grouped  needles,  which  melt  at  1  oV^ 
and  readily  sublime.  On  fusion  with  caustic  potash  it  yields 
only  metahydroxy  ben  zoic  acid  * ;  it  does  not  melt  under  water. 

Calcium  TuetarJilorobenzoate,  (C7H^C10j)jCa  -|-  SH^O,  forms 
scaly  erystab,  which  dissolve  in  82-6  parts  of  water  at  12°. 

MetachloToliefnzoyl  chloride,  CgHjCl.COCl,  is  a  strongly  refrac- 
tive liquid,  boiling  at  225°.' 

MetacMoToUppuric  and,  CgHjCI.CO.NHCHj.COgH,  is  formed 
together  with  dichlorohippuric  acid  by  the  action  of  potassium 
chlorate  and  hydrochloric  acid  on  hippuric  acid,*  and  is  found 
in  the  urine  after  metachlorobenzoic  acid  has  been  administered.' 
It  is  a  tough,  amorphous  mass,  which  is  scarcely  soluble  in  cold, 
more  readily  in  boiling  water;  it  forms  crystalline  salts.  It 
decomposes  into  amido-acetic  acid  and  metachlorobenzoic  acid 
when  boiled  with  concentrated  hydrochloric  acid. 

Dichlorohippurie  acid,  CaHsClj.CO.NH.CH^.COjH,  is  lesa 
soluble  in  hot  water  than  the  preceding  compound,  and  is  con- 
verted by  long  contact  with  water  into  a  granular  crystallias 
mass;  on  boiling  with  hydrochloric  acid  it  decomposes  inttf 
o-dichlorobenzoic  acid  and  amido-acetic  acid. 

Mdachlorohtnzonitril,  CnH,Cl.CN,  was  prepared  by  Lira- 
pricht  and  Uslar  by  the  distillation  of  metasulphobenzamide, 
CbH,(CO.NHj)S02.NH3,  and  metasulphamidobtnzoic  acid, 
CbH/COjH}SOj.NHs,  with  phosphorus  chloride.      It  cryslalliKea 

'  BcT.  DmUxh,  Chtia.  Oer.  ti.  17S. 

'  Dembay,  Ann.  Chem.  Phana.  oilriii.  22], 

'  Limpricht  and  Dslar,  ibid.  ciJ.  262  ;  Gravbe  ;  ii 

*  Otto,  ibid.  CEdi.  128. 

■>  Ibid,  oxtii.  SiS. 


I 


from  alcohol  iii  prisms,  which  smell  like  benzaldeliyde,  melt 
aX  4il°.  and  readily  volatilize  with  ateara.' 

ParachlorohcTiziiic  acid,  or  Chlorodrarylic  acid,  was  first  obtained 
hj  Btfiletein  and  Wilbraud  from  paramidobeozoic  acid  by  the 
diazo-rwiction.*  Beilatein  and  Geitner  then  prepared  it  by  the 
oiiJntion  of  parachlorotoluene  with  chromic  acid  solution,*  while 
EmtuerliDg  found  that  it  is  better  to  employ  crude  chlorotoluene 
and  a  dilute  solution  of  potassium  permanganate  for  this  pur- 
pose, tlie  orthochlorobcnzoic  acid  formed  being  easily  removed 
by  boiling  water.*  Miiller  found  that  it  is  also  formed  when 
clilorobenzene  is  oxidized  with  manganese  dioxide  and  sulphuric 
ftciij,*  a  formation  corresponding  to  that  of  benzoic  acid  from 
benzene. 

Parachiorobenzoic  acid  dissolves  in  5288  parts  of  water  at  10°. 
crystallizes  from  alcohol  in  long,  lustrous  needles,  melts  at  236° 
and  sublimes  in  plates  at  a  higher  temperature, 

Caleitim  parachloi-obentMe,  (C,HjC10g},Ca  +  SH^O,  crystal- 
lizes in  smalt  plates  or  needles,  and  is  even  less  soluble  in  water 
than  the  corresponding  salt  of  the  meta-acid. 

Faracklornlicnstoyl  chUyndc,  CoH^CLCOCl,  is  a  heavy  liquid, 
which  fumes  in  the  air,  is  strongly  refractive,  and  boils  at 
220°— 222°  (Emmerling). 

DiCHLOROBENZOIC   ACIDS,    CjHjClj.COjH. 

3135  ti-DichloTiAenzcnc  acid,  (3 : 4),     Otto  first  prepared  this 

compound  by  boiling  dichlorohippuric  acid  with   hydrochloric 

'  acid  ;  ■  it  is  also  obtained  by  the  oxidation  of  dichlorotoluene 

and  dichlorobenzyl  chloride,'  as  well  as  when  parachiorobenzoic 

acid  is  heated  to  200°  with  antimony  pcntach bride.' 

It  is  formed,  together  with  the  following  compounil,  !)y 
heating  benzoic  acid  with  bleaching  powder  solution,*  or  by  the 
action  of  potassium  chlorate  and  hydrochloric  acid.'"  metachloro- 
benzoic  acid  being,  of  course,  the  first  product. 

It  is  slightly  soluble  in  cold,  more  readily  in  hot  water,  and 
crystallizes  in  fine,  lustrous  needles,  melting  at  201° — 202°. 

'  Jun.  Chfm.  Phana.  crL  33.  *  Ibid,  pxxviti.  270. 

»  Ibid.  cxxxU.  336.  *  Bcr.  DealKh.  Glum.  Ota.  viii.  880. 

*  ZtilukT.  Chcm.  1869,  137.  '  Anjl.  Chem.  Pharm.  nxxiL  147. 

T  Beilstein  anil  KuUbcig,  -iiiid.  cliL  225  ;  Lcllmuin  and  KlotK,  ibid.  ocxxxL  308. 
■  BeilBtein,  iticf.  cliiii.  284. 

*  Clsiia  and  Tliiel,  Ber.  Dcalich.  Client.  Oa.  viii.  B48. 
'"  Claim  and  VUMer,  ibid.  v.  658  ;  vi.  721. 


^:€.  ii  faoBed  hr  heatmg  ortho- 
raiiTTioagiani:  Msd  -wsl  iyaww  >■■■  ■  mai  aad  potaaBiun  chlorate 
ir  yrMgrm  nxswuBomat?  wmi  W  mfkatrng  the  amido-group  of 
A^OLJLxaamiL'CiEaaaf  nai  WcUokkl'  It  OTBteUizeB  in  needles, 
iFina.  TitHru  i::  Ii^'9^  ljtibmamm.wmi  Kkcz}  aad  diaacdTe  in  about 

y-Z^dau/r^iHrLmm:  maiL  ±z€,  m  <i><«iiiw1,  together  with  the 
iRciEtzixir  rcoizcqakS.  -nem  &Ufanbakz%i  chloride  is  heated 
'^^  ml  ±'jyz  it  cniiiTTiMi  tmm  alcohol  in  small  needles. 


2-Z<^i:aLfr*yii«B3i*r  mrh£,  't :  4  ,  is  ftnned  hy  the  oridation  of  the 
cgcTBgnhf^ig  C2:3JGr:<a2:Kae  viik  niinc  add,  and  crystallizes 
ir  Ilec.  jiifcCiV  iic«sdje&.  ^rfriag at  1^. 

^lAauf^iirifman:  mnL  ^:5«  has  abo  been  prepared  from 
ryxxiStetzK  iaAJarccjfaettfc.  awl  fonns  long  needles,  melting  at 
IS:?"  Tr^  VifcTn  sai  Kkxz . 


TaicHLOBOuszaic  Acids,  C^H^CI^CO^H. 

aia6  a-rnk'A^!«f»r:i^if«a»f  meid^  J2:4:6),  is  obtained  by  the 
oxSdSifciin  of  A-tncnlorotoliiene,^  and  by  heating  a-trichloro* 
bemvl  ciuCijide  ^  :o  ±60*  with  water :  ii  crystallizes  in  needles 
which  meit  at  Ido". 

id-TnM-V-r.y^RCt'fcr  atid  has  been  obtained  from  the  corre- 
sponding  aldehyde  by  oxidation  with  potassiom  permanganate ; 
it  melts  at  I:****.* 

yTn^UTciTnzcnt  arid,  (3:4:  5},  is  fanned  when  chiysanisic 
acid,  QH*^'NO^\OfHj^CO^,is  heated  with  fuming  nitric  acid. 
It  forms  fine  needles,  melting  at  203*/ 


Tetrachlorobexzoic  Acid,  CeHCl^.COjH. 

Beilstoin  and  Kuhlbeig  prepared  this  compound  by  heating 
tetrachlorobcnzyl  chloride  with  water  to  280** ;  it  melts  at  1ST. 

*  Bi'ilstein,  Ann.  Ch^m.  Pharm,  clxxix.  285. 
«  Rack  and  Wilkcns,  Hid,  ccxxii.  201. 

»  Schultz,  ihid,  clxxxvii.  269. 

*  Jannasch,  ibid,  cxliL  801 

»  Beilrtein  and  Kuhlberg,  Ber.  Deut9ch.  Chenu  Ots,  xviiL  420. 

«  Seclig,  ibid,  xviii.  420. 

'  Salkowski,  Ann,  Chem,  Pharm,  clxiii,  28. 
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MONOBROMOHENZOIC  AciDS,  CgH^Br.CO^H. 

2127  Orthohromobrtumc  add  was  first  prepared  by  Griesa 
from  anlhranilic  acid  or  ortho-amidobenzoic  acid  by  the  diazo- 
reaction,  but  was  not  further  investigated  by  him.^  It  was.how- 
erer,  examined  by  v.  Richter,  who  found  it  to  be  identical 
with  tliat  which  he  liad  obtained  from  metabromonitrobenzene 
by  means  of  the  reaction  already  mentioned  (p.  217).'  Zincke 
obtained  it  by  boihng  orthobromotoluene  with  dilute  nitric 
acid;'  it  13.  however,  better  to  employ  a  dilute  solution  of 
potassium  permanganate.* 

It  is  more  readily  soluble  in  cold  water  than  its  isomerides, 
and  is  still  more  soluble  in  hot  water,  from  which  it  crystallizes 
in  long  needles,  which  melt  at  150°  and  Bubhmc  in  small  plates. 

Barium  orthobromobemoatc,  (C;HjBrOg)jBa,  is  very  readily 
soluble  in  water,  and  crystallizes  from  alcohol  in  long  needles 
containing  two  molecules  of  alcohol. 

Metahnniidrenzoic  acid.  Peligot  obtained  this  substance  in  tlie 
year  1838  by  the  action  of  bromine  on  silver  benzoate,^  and 
Herzog,  in  1842,  by  acting  upon  benzoic  acid  with  bromine  in 
the  sunlight."  The  compound  thus  prepared,  however,  was  not 
pure.  Reinecke  then  found  that  the  pure  compound  can  readily 
be  obtained  by  heating  benzoic  acid  to  100°  with  bromine  and 
water  ;^  it  may  also  be  prepared  in  this  manner  from  benzamide, 
the  reaction  taking  place  at  120°,*  and  bromanil  being  formed 
at  the  same  time : 

C,Hs.CO.NH,+Brj+n,0  =  C,H,Br.CO,H  +  NHjBr. 

According  to  Hiibner  and  Angerstein,  it  can  also  be  prepared 
by  Peligot'a  method,  if  dry  silver  benzoate  be  submitted  to  the 
action  of  bromine  vapour  in  the  sunlight.'  Oriess  also  obtained 
it  from  metaraidobenzoic  acid '"  and  Sandmcyer  from  meta- 
broraaniline,  which  he  diazotized  and  brought  into  a  solution  of 
potassium  cuprous  bromide  heated  to  90° ;  the  uitril,  which  was 


'  Ann.  Chtin.  Pharm.  cjixiv.  121, 

'  Ber.  DtuUeh.  Chen.  Ota.  iv.  181  ;  v.  42f 

*  Rhilis.  Ann.  Chem.  Pharm.  oxuviii,  10 

*  Branihn,  Ardi.  Pharm.  xxin.  Id. 

'  Zeiit^T.  Chan.  1B86,  118;  1889,  100. 

*  Frioiberit,  Ann.  Chtni.  Fharm.  clvuL  21 

» ihid,  dviii.  a. 
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thus  formed,  was  then  decomposed  by  boiling  goda-solntion;' 
Wroblewaky  prepared  it  by  the  oxidation  of  nietabromotoluene* 

Metabromobenzoic  acid  is  very  slightly  soluble  in  wat«r, 
readily  in  alcohol,  crystallizes  in  needles,  melts  at  155',  sublimes 
at  a  higher  temperature  and  boils  above  280°.  On  fusion  with 
caustic  potash,  mutahydroxy  ben  zoic  ncid  is  formed  together  with 
a  little  salicylic  acid,  and,  probably,  some  parahydroxy benzoic 
acid. 

Barium  metahromohemoate.  (C,H^BrOj)jBa  +  4HjO,  is  very 
slightly  soluble  in  water  and  crystallizes  in  small,  flat  needles. 

Parabromoienxoic  acid  was  first  obtained  by  Griess  from  par- 
amidobenzoic  acid.*  It  is  formed  by  the  oxidation  of  parabromo- 
toluenc,*  parabromo-ethylbenzenc,*  etc.,  with  dilute  nitric  acid 
or  chromic_acid,  and  may  also  be  obtained  from  parabrom aniline 
by  means  of  Weith's  reaction  (Part  III.  p.  31).*  It  ia  almost 
insoluble  in  cold  water,  and  only  slightly  soluble  in  boiling  water, 
from  which  it  crystallizes  in  small  plates.  It  is  readily  soluble 
in  alcohol  and  ether,  and  separates  from  them  in  small  needles, 
melting  at  251°. 

Barium  parabromobenioate,  (CjH^BrO^jBa,  crystallizes  in 
nacreous  plates,  which  are  readily  soluble  in  water. 


DiBROMOBENZOIC  AciDd,  CflHsBrjCOgH. 

Br.  :  Br.  SI u] ling-point. 

fl)  3  :  4  small  needles,' 229'^— 230° 

(9)  2  :  3  small  needles,^ 147° 

7)  3  :  5  flat  needles," 213°— 214° 

S)  2  :  5  flat  needles,!" isg- 

e)  2  ;  4  needles  or  tablets,"     .     .     .  108°— 170' 

'  BcT.  Dailadi.  Chem.  Ota.  Jtviii.  14B6. 

*  Ann.  Chem.  Phann.  clx»m.  168. 
»  Ibid,  exxxy.  121. 

*  Hiibtier,  Olily  ani  Philipp,  Md.  ciliiL  347. 

■  Fittis  and  Koaia,  ibid,  uxliv.  SSB. 

■  Wcith  and  Lamlolt,  Ber.  VexUack.  Chem.  On.  viiL  717. 

'  Buighardt  iind  Boutnagal,  .^ttJt.  Chen.  Pharm.  ccxxiL  184. 

*  Beutnsgol,  iind.  ccitiuL  105t 

»  Beilatein  and  Geitner,  Aid.  exxxix.  4  ;  Neville  and  Wintlior,  Bct.  DruL 
0iem.  Gcs.  xiiL  870. 
"  HolMpfol,  Anil.  Chan.  Phann.  ccxxii.  107. 
"  Merilleoiid  Winthcr,  ioc  cit. 
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Thibbomobemzoic  Acids,  CgH,Brj,CO,H. 

Mr.lting-[)oint. 

a)  silky  needles ' 234" — 235' 

ff)  small  needloa* lOo" 

7)  needles* 18(io° 

h)  neeiilea* 17^° 

Pentabromobemoic  aciil,  C,Brg.CO,H.  Wlieii  nietabromo- 
beiuxtic  acid  is  heated  to  150°  with  bromine  and  water, 
o-tribromobenzoic  acid  is  formed,  and  on  further  heating  with 
bromiae  at  200°  ia  converted  luto  peolabromobenzoic  aeid.  It 
crystallizL'S  from  alcohol  iu  thin  plates  or  long,  brood  needles 
which  become  browti  and  melt  at  23i° — 235°  (Relnecke). 


MONO-IOJIOBEKZOIC   AclDS,  CgH^I.COjH. 

2138  OHho-iodciienzoic  acUl  yias  o\>iaxa(:i\  byGriessand  Richter 
from  anthramlic  acid,  and  by  the  latter  also  from  meta-lodu- 
nitrobenzene.  KekuliS  prepared  it  by  the  oxidation  of  ortho- 
iodotoluene  with  dilute  nitric  acid.  It  is  slightly  soluble  in 
water,  readily  in  alcohol,  and  crystallizes  In  long,  white  needles, 
which  melt  at  157'"  and  readily  subhnie.  On  fusion  with  potash, 
salicylic  acid  is  formed. 

Mda-iodobfmcric  add  has  been  prepared  by  Griess,  Lunge,  and 
Hubner,  and  by  Grothe  from  metamidobenzoic  acid.  It  is  also 
formed  when  benzoic  acid  is  heated  with  potassium  iodate  and 
dilute  sulphuric  acid,  and  by  the  action  of  iodine  and  iodic  acid 
on  sodium  benzoate.  It  forms  small  plates  or  needles,  melting 
at  186° — 187°;  on  heating  with  caustic  potash  solution  it  is  con- 
verted into  raetahydroxybenzoic  acid,  and  with  ammonia  into 
metatoidobenzoic  acid. 

Para-iodobemoic  acitl  was  obtained  by  Griess*  from  par- 
amidobcQzoic  acid,  and  by  Koruer"  by  the  oxidation  of  pora- 
iodotoluene.     It   crystallizes  in   small  plates  melting  at  256V 

'  Beinocke,  ZeUschr.  Chan.  186B,  110, 
'  Smith,  BtT.  Daiiach.  Chtm.  Gta,  x.  1708. 
»  Voljrecht,  ihid.  x,  1708. 
*  lAwrie,  iM  x.  nOB. 
'  BcT.  DcataeK.  Chcm.  Get.  it.  S22. 
'  ZeitiehT.  Chan.  1888.  327. 

'  Sclimidt  mill  Sthulli,  Jnii.  L7h-m.  Fliarm.  ccrii.  3S3. 
VOL.  ni. — PART  IV,  Q 
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According  to  Beran  it  cannot  be  obtained  perfectly  pure  by 
recrystallization,  but  must  be  sublimed,  plates  which  melt  at 
265** — 266°  ^  being  obtained  in  this  way. 


MONOFLUORBENZOIC  AciDS,  CgH^F.COjH. 

2129  These  compounds  are  obtained  by  passing  nitrogen 
trloxide  into  solutions  of  the  amidobenzoic  acids  in  alcohol, 
a  diazo-amidobenzoic  acid  being  formed,  which  is  decomposed 
into  fluort>enzoic  acid  and  amidobenzoic  acid  hydrofluoride  on 
warming  with  fuming  hydrofluoric  acid  :  * 


N.CeH^.COjH 
.NH.CeH,.C02H 


if  '  "  +HF  =  C«H,F.CO,H+NH^CeH,.CO.H+N^ 

N.: 


They  can  be  still  more  simply  obtained  from  the  diazobenzoic 
acid  sulphates  (p.  260). 

As  much  as  5  grms.  of  these  compounds  may  be  administered 
daily  to  a  dog  without  injuring  it ;  they  appear  in  the  urine  as 
the  fluorhippuric  acids,*  CgH^FNO^,  which  crystallize  in  needles 
or  prisms. 

Ortlioflitorhcnzoic  acid  crystallizes  in  fine  needles,  is  readily 
soluble  in  alcohol,  more  readily  in  water,  and  melts  at  117° — 
118°. 

Ortliofluorhippuric  acid  melts  at  121*5°. 

MctafluorhcTizoic  acid  crystallizes  from  hot  water  in  broad, 
lustrous  plates  or  needles,  which  resemble  those  of  benzoic,  acid 
and  melt  at  123°— 124°. 

Metafluorhippiiric  acid  melts  at  152° — 153°. 

Parafluorhcnzoic  acid  resembles  the  meta-compound,  and  melts 
at  180° — 181°.  This  substance  was  first  prepared  by  Schraitt 
and  V.  Gehren  from  ordinary  amidobenzoic  acid,  and  was  there- 
fore looked  upon  as  mctafluorbenzoic  acid.  The  amido-acid 
employed  probably  contained  the  para-compound  as  an  im- 
purity. The  fluorbenzoic  acid  crystallizes,  according  to  their 
account,  in  pointed  rhombic  prisms,  which  have  a  characteristic 
sweet  taste,  and  melt  at  182^  On  distillation  with  lime  it  yields 
jihcnol,  which  was  mistaken  by  Schniitt  and  v.  Gehren  for  fluor- 

^  J>n\  Dr.uU<(ch.Chrm,  Gof.  xviii.  137. 

-  Schniitt  and  v.  (k-hron,  Journ.  Prakt.  Chcm.  [2]  i.  394  ;  Patemo  and  Oliv.ri. 
f.'az.  Chim.  1882,  95.  »  Coppola,  ibid,  xiii.  121 


THE  NITROBENZOIC  ACIDS. 

betusene;  &  high  boiling  compound  la  nlso  formiii],  which  probably 
cousists  chieHy  of  diphenyl  oxiJe  : ' 

(C,H,F.CO,ljCa  +  2Ca(0H),  =  SC^H^OH  +  CaF^ 4  2C'aC0» 

Paiafluorhipptiric  acid  melts  at  ICla". 

I>illuffrhfmoic  acid,  CjHjFj.COjH,  is  formed,  together  with 
chromic  fluoride,  when  benzoic  ntid  is  treaiod  with  chromium 
hexfluoride.  It  is  scarcely  soluble  in  cold,  only  slightly  in  boil- 
ing water,  hut  more  readily  in  hot  benzene,  and  Bublimea 
less  reailily  than  benzoic  acid,  in  flat,  white  needles,  melting 
nt  232*. 

Calcium  difiaorbenzoat.e,  (C,H,F2.C0^sCa  +  3H,0,  crj-atallizea 
Eroin  hot  waf«r  in  fascicular  Hggrugates  of  white,  lustrous  needlea, 
which  dissolve  in  200  parts  of  water  at  15".* 


NITRO-SUBSTITUTION   PRODUCTS   OF 
BENZOIC  ACID. 

ai30  lu  the  year  1839,  Plautimour  obtained  an  aeid  very  rich 
in  oxygen  by  the  action  of  nitric  aoid  on  cinnamic  acid,  beuzalde- 
hyde  being  also  formed.  He  gave  no  name  to  the  new  substance, 
since  he  wished  to  ascertain  by  investigation  whether  it  could  be 
classed  along  with  any  known  acid.  Analysis  led  to  the  formula 
C,,H,^Oi,.  and  this  formula  was  confirmed  by  the  composition  of 
the  silver  salt." 

In  the  next  year,  Mulder  found  that  iiilr<>hoiiinie  ncid  is 
formeil  hy  the  action  of  nitric  acid  on  benzoic  acid,  cinnamic 
acid  and  oil  of  cinnamon.  He  determined  the  correct  com- 
position of  the  compound  and  formulated  it  as  Cj^H^O,  +  N.Oj 
-t-HjO,  according  to  which  it  is  a  compound  of  nitrous  acid  with 
an  organic  substance  containing  two  atoms  of  hydrogen  leas,  and 
one  atom  of  oxygen  more  than  benzoic  acid.  He  also  found  it 
to  be  identical  with  the  acid  diacovered  by  Plantamour,  who  had 
overlooked  the  presence  of  nitrogen.* 

The  same  acid  wn«  prepared  by  Elyth  and  Rofmann  by  the 
ilist illation  of  .atyrolene  {phenylethylene)  with  strong  nitric  acid,* 

'  Tsterni  and  Olivcri,  Oiie.  Chim.  xili.  ESS. 
'  Jncksin  and  Huttuhorn,  Bfr.  DealxK  Chem.  (la.  xviii.  I!>B3. 
'  Am.  Clu-m.  rhurm.  US.  34S.  *  Ihiit.  iixiv.  2^7. 

»  Ibid.  liii.  SOi. 


Abel  detected  it  among  the  products  of  the  action  of  nitric  8 
on  cumeue  (isopropylbenzene),^  and  Blumenau  obtained  it 
the  same  way  from  dragon's  blood.^  The  acid  formed  by  1 
nitration  of  benzoic  acid  was  then  investigated  by  Zia 
GerUind,*  Voit^  and  Ernst,*  the  three  laat-meotioued  j 
directions  for  its  preparation. 

Oltinard  and  Boudault  had,  in  1843,  obtained  i 
acid,  CaHg(NO^)Oj.  by  the  action  of  fuming  nitric  acid  ( 
dracyl  (toluene)  obtained  from  dragon's  blooil,  and  i" 
considered  it  to  be  uitrobenzoic  acid.'  Wilbrand  and  1 
showed,  however,  that  it  is  not  identical,  but  i 
the  latter,  and  that  another  acid  is  formed  in  small  quantity, 
whicli  appears  to  be  ordinary  nitrobenzoic  acid.*  It  was  ob- 
tained about  the  same  time  by  Fischer,  wlio  named  it  para- 
nitrobeuzoic  acid,"  while  that  derived  from  benzoic  acid  was 
known  aa  orthoiiitrobenzoic  acid  until  it  was  recognized  as 
belonging  to  the  meta-series  (Part  III.,  p.  41). 

The  tliird  isomeride,  now  known  as  orthonilxobenzoic  acid, 
was  first  prepared  by  Radziswesky  from  phenylacetic  acid,  but 
was  believed  to  be  ordinary  nitrobenzoic  acid.^"  Beilsteiu  and 
Kuhlbei^  then  prepared  the  ortho-acid  from  cinnamic  acid 
(phenylacrylic  acid),'^  and  considered  it  as  identical  with 
Badziswesky's  compound,  this  being  confirmed  by  Pirogow.^ 

Griess  was  the  first  to  recognize  the  fact  that  not  only 
motanitrobenzoic  acid,  but  also  its  two  isomerides  are  formed  by 
the  nitration  of  benzoic  acid ;  from  4,000  grms.  of  benzoic  acid 
he  obtained,  in  atidition  to  the  chief  product,  347  grms.  of 
orthonitrobenzoic  acid  and  35  grms.  of  paranitrobenzoic  acid,'* 
while  according  to  Widnmann,  the  ortho-acid  fonned  amounts  to 
25  per  cent,  of  the  weight  of  benzoic  acid  employed."  The  older 
investigators  had  all  the  three  nitrobenzoic  acids  under  their  obser- 
vation, hut  their  purest  compounds  were  probably  specimens  in 
which  one  or  other  of  the  isomerides  simply  predominated.  This 
is  shown  by  the  following  facts ;  toluene,  cumeue,  styrolcne,  oil 
of  cinnamon  and  ciimamic  acid  are  oxidized  by  dilute  nitric  a 


'  Ann.  Chm.  Fhnnn.  hiii.  308. 
»  Jmtm.  Pratt.  Chfn.  xxtlt\.  93, 

*  Ann.  Ghma.  PKarm.  Ixxxvi.  1 J3  ;  xci 
'  Ihid.  xcix.  IDO. 

'  Ann.  Clum.  Pharm.  xlviil.  343. 

*  FiMhcr,  ibid,  cxxvii.  137. 

'  Ann.  Uhen.  Pharta.  clxiii.  131, 

*  im.  Chvi.  12il :  Brr.  GentKh.  Chcui. 
'  Ann.  Clam..  Phann.  ritcliii.  2-23. 


'  Zf.Ui>r3,T.  Chtm.  1860,  477. 

■  Ibid,  exxri,  2S?i ;  ciiviu.  257. 1 

'°  Ber.  DeuimA.  Chmt.  Qa.  iii.  ft' 

'  Ibid,  cliiii.  HO. 

'J>.  X.  188S. 


lo  beiuoit.'  acid,  which  is  converted  by  the  concentrated  acid  into 
I  the  nitTobeDzoic  acids.  Tohieoe  is  converted  by  strong  nitric 
I  tai  iuto  tlie  three  isomeric  nitrotoluenes,  the  cliief  product  being 
I  the  para-<x)mpound,  the  m  eta -compound  being  only  formed 
a  (mail  quantity  (p.  ]  5),  while  on  the  nitration  of  benzoic 
I  acij.  the  meta-acid  forms  the  chief  product,  and  the  para- 
oipound  only  occurs  in  amall  quantity.  Concentrated  nitric 
Kitcid  converts  cinnainic  acid,  and  probably  styrolene  and  cumene, 
I  into  para-  and  ortho-nitro -com pounds,  the  ra eta-compound 
leing  possibly  formed  in  flmall  quantity.  AH  these  uitro- 
derivativea  of  the  hydrocarbons,  as  well  as  the  iiitro-cinnamic 
adds,  yield  the  corresponding  nitrobenzoic  acids  on  oxidation. 

Which  of  these  predominatetl,  therefore,  in  the  mixtures  in 
question,  depended,  in  the  first  instance,  upon  the  concentration 
of  the  nitric  acid  employed.  The  nitrobenzoic  acid  obtained 
from  cinnaraic  acid  and  styrolene  was  probably  a  mixture  of  the 
para-  and  ortho-acids,  and  this  would  also  be  the  composition  of 
that  obtained  from  dragons  blooti  and  cumene  by  the  aid  of 
fuming  nitric  acid.  These  miirtures  may,  however,  have  also 
mtained  dinitrobenzoic  acids  and  styphnic  acid,  both  of  which 
s  formed  by  tbe  action  of  nitric  acid  on  benzoic  acid. 


MOSONITEOBENZOIC  ACIDS,  CaH,(NOj)C0;H. 

3131  Orthtmilrohenzoie  acid.     In  order  to  prepare  this  com- 

uid,  the  mixture  obtained  by  the  nitration  of  benzoic  acid 
■  converted  into  the  barium  salts,  from  which  the  barium  ortho- 
''Tiitrobenzoate  can  readily  be  obtained  in  crystals,  which  are  then 
decomposed  by  dilute  sulphuric  acid.' 

Orthonitrobenzoic  acid  can  also  be  readily  obtained  by  boiling 
orthonitxotoluene  for  a  long  time  with  a  solution  of  potassium 
permanganate.^  Crude  nitrotoluenc  m.-ty  also  bo  employed  since 
the  larger  portion  of  the  slightly  soluble  paranitrobenzoic  acid 
can  easily  be  separated.  The  barium  salts  are  prepared  from  the 
mother-liquors  of  this  and  separated  as  described  below.' 

Orthonitrobenzoic  acid  dissolves  in  100  parts  of  waterat  16'5°; 
it  is  more  readily  soluble  in  hot  water  and  crystallizes  from  it 
in  lai^e  colourless  needles.     It  is  obtained  in  asymmetric  tablets 

'  WidnmanD,  Ann.  Chan.  Pharm.  cxciii.  202. 

'  Widnroann,  Bcf.  SciUteh.  Chan.  Oct.  viii.  ?9a 

*  MooDBt,  Kflverdin  and  Noltisg,  itid.  xu,  443, 
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or  prisms  by  the  spontaneous  evaporation  of  its  alcoholic  solutioo. 
It  inelta  at  147°,  and  haa  an  intensely  sweet  taste,  which 
characterizes  ita  salts. 

Barium  orthonitrubcnzoatc,  (GJl^.^O^CO^^Ba,  +  SHsO, 
tnllizfs  on  the  spontaneous  evaporation  of  its  solution  in  water, 
in  which  it  is  more  readily  soluble  than  the  acid,  in  lar^'c, 
yellow," asymmetric  tablets,  which  lose  their  water  over  sulphuric 
acid. 

Slhpl  ortkonitrohemoate.  CflH^(NOj)COj.GiH,,  forma  asym- 
metric crystals,  melting  at  30°. 

OrlkonUrobtmoyl  chloride,  G^K^CSO^COCl,  ia  a  faint  yellow 
linnid,  which  solidifies  at  a  low  temperature  to  a  crystalline  mass, 
and  decomposes  on  heating.  When  heated  with  silver  cyanide, 
the  nitri!  of  nitropheuylglvoxylic  acid  is  formed,  and  this  is 
converted  by  reduction  into  iaatin,  an  oxidation  product  of 
indigo.' 

Ortkonitrobefisonitril,  CgH^(NOg)CN,  By  the  action  of  am- 
monia on  orthonitrobenzoyl  chloride,  orthonitrobenzamide, 
C„H4(N0j)C0.NHg.  is  formed,  and  crystaUizea  in  long  needles, 
melting  at  171°;  it  is  converted  into  the  nitril  on  heating  with 
pliosphorus  pentoxide.*  The  latter  may  also  be  obtained  syn- 
thetically from  orthonitraniline  by  dittzotizing  it  with  hydro- 
chloric acid  and  sodium  nitrite,  and  bringing  .the  compound 
thus  obtained  into  an  almost  boiling  solution  of  copper  sulphate 
and  potassium  cyanide  :  ^ 

2C«H,(N0a)N,Cl  +  Cu,(CN)j  =  2CbH,(N0JCN  +  N,-(-  CujCl,. 

It  crystallizes  in  needles  which  are  readily  soluble  in  alcohol 
and  hot  water,  melt  at  109°,  and  sublime  when  more  strongly 
heated. 

2133  Metanitfohenzoic  add  ia  best  obtained  by  bringing  an  in- 
timate mixture  of  one  part  of  previously  fused  and  finely  powdered 
benzoic  acid  with  two  parts  of  nitre  into  three  or  four  parts  of 
sulphuric  acid,  the  mixture  being  wc^ll  stirred,  and  then  heating 
until  the  nitrobeuzoic  acids  have  separated  out  as  an  oily  layer,* 
In  a  well-conducted  operation  tliese  contain  Uttle  or  no  unaltered 
benzoic  acid.     Should  this  be  present  in  large  quantity,  it  ia 

'  CUiswn  and  6h«dvra!l.  Ber.  Deatseh.  Client.  Go.  tii.  3.'i0. 
»  Uanhleia,  iftirf.  x.  1713. 
■  Sftnilm«yor,  Hid.  xviil  1492. 

*  Ernst,  too.  tU.  \  Leo  LiuhtTniiuiii,  Bcr.    Dcjttxch.   Chem.   Ofn. 
uwaa,  Ann.  Chem.  Fharm.  ciciii,  21fl. 


saoic  Acia 


«i 


I  removed  by  distillatiou  with  water,  and  the  pr'xiuct  then  heated 

I  to  boiling  with  20  parts  of  water  and  neutralized  with  baj-ium 

I  Lydroxide.     Barium  metanitrobenzoato  crystallizes  out  on  cool- 

l  ing.  The  nwtherhquor  is  evaporated  and  the  residue  repealeiUy 

eitmcted  with  small  quantities  of  cold  water,  the  salt  of  the 

ortho-acid  being  obtained  on  the  evaporation  of  the  solution.     A 

ftirtlier  crop  of  crystals  of  the  meta-compound  are  obtained  by 

diasolviog  the  residue  in  20  parts  of  boiling  water  and  cooling 

O.ie  solution,  the  barium  salts  of  paranitrobenzoic  acid,  benzoic 

iicid  and  atypbnic  acid  remaining  in  solutioQ. 

Metanitrobenzoic  acid  dissolves  at  16  5°  in  425,  and  at  lfllJ° 

1 10  parts  of  water ;  on  cooling  it  separates  from  the  solution  in 

".  plates ;   it  crystallizes  from  dilute  alcohol  in  tuonDclinic 

Bkblets,   melting  at   140°— 141°;   when  gradually   cooled    the 

elting-point  falls  to  135° — 136°,  but  rises  again  after  some 

noe,  or   when   the   reraelted   acid   is   allowed  to  cool  rapidly 

Pidnmann).    It  possesses  the  characti-ristic  property  of  melting 

■odeT  hot  water ;  itcommences  to  sublime  at  temperatures  above 

■'00',  and  its  vapour  provokes  coughing. 

Scdium  wurfafttfrotcanwii^,  CgH/NOj)COjNa  (- 3HjO,  crystal- 
in  coarse,   colourless   or  yellowish   tablets,  and   may  be 
mployed  for  the  purification  of  the  crude  acid.* 
I'iilartHm  wuilanitrohcn^ale,  (CoHj.NO^COJjBa  +  4HjO,  crys- 
s  iu  thin  prisms,  and  is  less  soluble  than  the  free  acid. 
£lhyl  metanitrobenzoate,  CgH4(N0j)C0j.CjHj,  has  been  pre- 
i  by  the  action  of  hydrochloric  acid  on  an  alcoholic  solution 
of  the  acid,  by  that  of  alcohol  on  ita  chloride,  and  by  the  nitra- 
tion of  ethyl  benzoate.     It  is  also  formed  wLen  ethyl  nitrate 
and  benzoic  acid  in  ethereal  solution  are  treated  with  sulphuric 
acid.*     It  crystallizes  in  monoclinic  prisma,  which  melt  at  41° 
and  have  an  aromatic  smell,  boila  at  298°,  and  decomposes  into 
ethylene   bromide  and  metanitrobenzoic  acid   when  heated  to 
0° — 200°  with  bromine.' 
Melanitrohctizoyl    chloride,    C|,H,(NOj)COCI,    crystallizes    iu 
jnamids  with  a  diamond  lustre  or  in  long,  fine  prisms,  which 
jnelt  at  33° — 34°  *  and  smell  like  benzoyl  chloride. 

MdanitrobeTizaTnide.  CBH,(NOg)CO.NHj,  forms  yellow,  mono- 
"inic  needles,  and  melts  at  140° — 142°. 


'  Hiitiuer,  ^nn.  Clumi,  rharm.  cdxxii.  72. 

'  Fillirn,  Jota-H.  PmJcl.  Ckrm.  [2]  ivii,  221. 

'  Naunumn,  Ann.  Chern.  I'hai-m.  cxxxiii.  202. 

*  Clotnen  rind  Tlioiiipsrin,  i'cr.  iJciiUch.  Vhtni.  Ocs.  i 


•— 3LX 


r  iLZT- a*-£izr. :*:  i;i:J>  ju-H"  iiii    iiiiiiiiiil  lit   msninranEir  aolfroB 
4  -.-*—  ^i±     -■■■'»*-      It  .«jd  ^E3KF^  T  T^  anrnuT  ssIfikiHie 

■— ^r^-"  —?•*  r-ni  .^ftTOQiLii.  :3.  <3ikr  ir^rflr^  Tirttnur  tf  1*5?-   It  is 

nil  -irr-r**22s:jL!  :^Ta,- 

J'itfrxt'r     -r-ni  >.Taasixiii   oaantnaBB^  imi  nliiis  suirszit acid 

>  ijw-ii'r*  n  1J'«'  Tar^  if  -vacer  ic  IT*,  imr  ix  !♦>  puts** 
trr^Atlizf:^  JL  -nilii^wzssi  -voice.  JiBGnns  wases.  viticb  meh  at 

•-  I    »        ^       ^ »,  ^  • 

*A.x,.7j^  ji  T-Lj.'v  TnasDarso.-i.  aiiniiXiihinr  arsons,  wiiitrii  dissolve 

/r*  2.V.  p^n*  :r  ir.ui  laii  S  -zi&r^  it  a«:iZ3^  wmicr.     Ii  forms  an 

*  ^',ff^  VOj7»X  3v  ▼iiii!rL  •rrTT^caZiaes  m  tir^.  coloariess  or 
r,r^,'vr,.*t:  [^.rr.ii'.':l:\r  aj^ir^zirrS.     TL»r  •TaLonni  sah  aD*i  calcium 

FJh^l  jyiran^rr^jr^'nz.yTt^,^  C^H^'XOj^O)j.CjH5.  fcraisassvmetric 
pl^f/:^^  viAfth  TiifAx,  ar.  57^,  az^i  are  o»T€Tt€d  by  heating  with 
MhUioxt'i^  \ut/,  jjaroTkitrr/enzamuh.  C^H^'^O^yCO-NHj,  which 
iity^AjikWv/jin  in  uf:fAlhSi  melting  at  107^ — ll)S*. 

I'amnUrfl^mr/^l  Mr/ride,  QH^OfO^^COCl.  boils  at  20?*— 
iJO.'i^  tutfU'T  /I  jfTcnKiiTf:  of  105  mm.,  and  crystallizes  from  petro- 
I'rijrn  iipirit  in  fino  ne^^lles,  melting  at  75'.* 

'  /f  WW,  Ofum.  Pfutrm.  Jxxiriji.  100 ;  Schwanert,  ibid.  cxiL  69 ;  CoonML  Joum, 
t'ftikl   dhrm   \'l\  xy.  2.04. 

«  \StWn\4'\u,  Ann.  C'Um.  Vharm.  rxWi.  836  ;  Engler,  t^ui.  cxllx.  297  :  Schoppf, 
tirf,   hntlMrh,  dlirm.  (hn.  xvill.  1068. 

*  Itnllnli'ln  himI  (|<?ltriirr,  Wti;^.  Cfunn.  Pharm.  cxxxiz.  335  ;  Eomer,  ZeiLchr. 
f%m.  tHI\Sl.  t\'Mt  ',  ll4m»'UHi\M,  ihul  1869,  701. 

*  Ml'liiU'l  nml  NorUiri,  JJcr,  DeuUch.  Chem.  Oct.  x.  580. 
"  HMlkownky,  fV/iV/.  ix.  24  ;  x.  1267. 

*  f/iiVf'lio)it«  Ann,  alum,  Vharm,  ccxxi.  885. 


su 


FaranitrobaizonilriJ.  CoH,{NOj)CN,  ia  obtained  by  heating 
e  imide  with  phosphorus  pentoxide,'  aa  well  as  by  diazotizing 
laaitranihne  and  pouring  the  solution  into  a  well  agitated 
ilution  of  potassium  cuprous  cyanide  in  potassium  cyanide, 
lied  to   90°."      It   crystaUizes   from   alcohol  in   plates,   and 

on  heating  in  long,  feathery  crystals,  melting  at  147'. 
PamnilroJUppuric  add.  CaH.(NOi5cO.NH.CH,,CO,H,  is 
foraed,  together  with  paranitrobenzoic  acid,  by  the  passage  of 
paranitrotoluene  through  the  system  in  the  dog,  and  ia  found  in 
the  urine  combined  with  urea.  It  crystallizes  from  hot  water  in 
orangE-red  prisms,  melting  at  129',' 

&Halkd  isomtridrs  of  the  three  nilrohemoic  twids.  It  was 
fiirly  stated  by  Mills  that  four  mononitrobenzoic,  acids  exist,  and 
Fittica  thought  that  he  had  prepared  five  ntw  isomerides, 
ilifl'ering  from  the  three  already  mentioned  in  their  melting 
piiintg,  three  of  them  being  also  distinguished  by  their  citron- 
jellnw  colour.  He  obtained  these  substances  "  by  peculiar 
nwtlioda,  which  chiefly  consisteil  in  avoiding  with  the  greatest 
care  nil  trustworthy  modes  of  purification,"  *  but  the  researches 
of  others  have  shown  that  his  compounds  do  not  exist.*  The 
Melting  points  and  physical  properties  of  the  nitrobeuzoic  acids, 
lie  those  of  benzoic  acid  itself,  are  greatly  altered  by  very 
naall  quantities  of  admixed  impurities ;  when  benzoic  acid  is 
titrated,  small  amounts  of  the  dinitrobenzoic  acids  are  always 
fcnned  in  addition  to  the  three  mononitrobenzoic  acids,  and 
the  product  also  contains  benzoic  acid  and  st.yphnic  acid  (trini- 
(wresorcinol),  the  latter  of  which  gives  it  its  yellow  colour. 

Bodewig  found  that  three  of  Fittica's  new  acids  are  simply 
falpure  forms  of  metanitrobenzoic  acid,  which  he  obtained  from 
ftem  by  crystallization ;  the  two  others  gave  no  measurable 
EiyBtals  ;  be  also  observed  that  this  acid,  besides  its  stable  form, 
in  two  unstable  mollifications,  which  also  crystallize  in  the 
Sonoolinic  system,  but  differ  from  the  stable  form  in  their 
rstallographic  constants.  Their  crystals  soon  become  opaque, 
im  the  formation  of  the  stable  form,  a  change  which  takes 
place  in  one  of  the  unstable  modifications  even  when  its  crystals 
Be  allowed   to   remain    in    the    mother    Ii({Uor.      He   further 

Frioke,  Ser.  DeuL-eh.  Chrm.  tfw.  vu.  1322, 

Sudtoeyor,  ibid,  xriii.  14Q^ 

Um.  aU.  rii.  1B73. 

Kokol^,  LtMi.  Org.  Chan.  iii.  554. 
'  Erlmniey^  imil  Widnmann,  Ber.   Deultch.   Cheat.   Oca.   viii.   802  ;  Oricas, 
i.  Till  C26 ;  lAdenbm^,  ibid.  viii.   ESS  iui<t  8fi3  ;  Salkowsky,  i^ti^.   vuL  SSS  ; 
ibemMUi,  ibid.  i.  1036  ;  Ckus,  ibict,  liii  861  ;  FitUca,  ibid,  xtil  1S37. 


-■DTrsL  ~xiE=r  Hramv    rr  sod^stsiii^  :aiBiL  bsss»  die  etkjl  ether.' 

than 


r:i£:  wL^sJL    r  _.jat'. 


CA^^iiPOtH: 


2r^  Titt    lomsnoftL  TnmtWi^  ^^»^"«*  is^   posiikii  of  the 

sh-iTmar^-^-*'  *ioii.  ASIC.  ^  ?  ,  -«:«-  lOiamisii  tFf  Giiess»  togetbtf 
-wzOL  "iiki  -wn  iuliiwiiK  iQi£  jcz^uttmir  Ami.  If^  Iwatntg  one  part 
•IE  iriiuiiniTib^ix^ziie  a2i£  i'tJi  t^sl  pK*3  -^  »  ndxcure  of  equal 
aouiimis  IS.  "TimxTwc  jainnirrn:  joii  axscar  jcais.*  It  is  slightly 
fijiiiaiii  in  riiii  Tr&Qaii  uni  m.  ■j^gagmcicajiL  nrpiriies oct  in  prisms; 
ic  2(  iHpitacEi^i  "intiL  "^  ouc  iacociOfti  s^tkcs^sK  *s  a  T^flovish  oil 
wimirL  jinifirrff^  nx.  seedis^  TTt*inaitg  a&  ITT'.  It  is  reduced  to 
«-Okaiiiii:c«:^!i^sLiii:  iciiL  s^  lar  ami  kigfeqiriWir  add. 

Ii^a^  S3^-Hifh:«i  wiiuif&.  waoriL  ae»^  ai^^y  aoliikte  in  add,  more 

m 

3'£'\Ai*^rrj€»;fL:i,u:  ML-iti,   ^ :  4\  s  :il&i>  fccmed  br  the  oxidation 
of  -riz-arr  ^-^  "r:r.i^:i::i>rGg   ^isb.  fi22i2^  nimc  add,^  and  by  the 
ELr:rinL.G.  ::  loriziirictnLaLic  3i:aL*     Ii  cskJcs  in  hot  water  anJ 
CT7?r,Allizei  fr:ci  h  ID.  Ijjc;^.  Lxsssr.xaa^  feri^ilie  needles;,  or  on  spon- 
taik-n.n*  eTa.p«:.nt :c»Ei  in  L^ra?.  riiiombic  caJ4ets  or  prisms,  which 
melt  ar.  17C»*  iiiii  fciTe  a  bcu^*  laksce.      Tin  aad  hydrochloric 
2ici4  o>&TeTt  h  into  mfeCddLuniiohenzeike.  carbiMi  dioxide  being 
elimiiiated. 

tfAhT^Uj  soluble  in  cold  water  aiki  crystallines  in  white,  rhombic, 
r/r  KiX'side^l  tablets. 

y'lhuiJtrohtnzrAc  acid,  (2  :  6^,  is  very  freely  soluble  in  boiling 
wat^rr,  crystallizes  in  fine,  matted,  white  needles,  melts  at  202"*, 
and,  liko  it«  isomerides,  has  a  very  bitter  taste.  It  decomposes 
on  dixtillxition  mto  carbon  dioxide  and  metadinitrobenzene,  and 
iifi  n-^l  action  yields  metadiamidobenzene. 

Ihriuni    'y-dinitro^jemoaU,     {C^B^(^0^fi0^^di  +  2TS^,    is 
v^'iy  rcjylily  ikJuble  in  water  and  crystallizes  in  needles. 

»  iUr.  J)nUtich.  Chem.  Oen,  xii.  1988  ;  ZciUehr.  Kryst.  iv.  58. 
«  ///jr.  hr/iUMrh.  Cfw,m.  (Jen.  vil  1223. 

*  Ti<itiiiiiiti  Mu\  .ludioD,  ibid.  iii.  228  ;  Wunter,  ibid.  vii.  148. 
^  (liiiiN  iiud  IlaHjcrttadt,  ibid.  xiii.   815  ;   Stromeyer,  Ann.    Chew,    Phann. 
cexxH.  7if, 


i-Siniirotemoie  adit,  (3  :  5j,  or  OnitHtirt/  dinitrohexzoie  acid, 
was  first  prepared  by  Cahoiirs : '  it  is  olit^ined  by  heating  ben- 
zi>;c  aci<l  -  or  luetanitrobt-nzoic  acid '  with  a  mixture  of  nitric 
aiiii  salpliuric  ivcids,  or  by  oxidizing  syruinetric  dinitrotoluene 
with  chromic  acid  *  or  nitric  acid  (Hiibner). 

In  order  to  prepare  it,  20  grins,  of  benzoic  acid  are  dissolved 

in  ISO  grins,  of  concentrated  sulphuric  acid,  one-third  of  tlie 

roluQie  of  fuming  nitric  acid  added,  and  the  whole  heated  nearly 

B  boiling  for  four  hours  and  then  poured  into  two  volumes  of 

i  water ;  a  yield  of  30  gnns  is  obtained.* 

It  crystaUizes  from  hot  wati-r  in  thin,  quadratic  tablets,  and 

n  alcohol  in  prisms,  which  melt  at  204° — 205°,  and  sublime 

1  needles.     On  reduction  it  yields  S-diamidobenzoie  acid.     Its 

6  detonal«  violently  when  heated. 
'  Barium  h-dinitrobcnxoiUr-,  (C,H,(NOj),COj)^a-|-Hj.O,  forms 
"  crystals,  readily  soluble  in  hot  water  (Hiibncr). 
e-Diniiro!:€JizoK  acid,  (3  :  4),  is  formed  ai  the  same  time  as  the 
cid  by  the  action  of  a  mixture  of  nitric  and  sulphuric  acida 
1  paranitrobenzoic  acid.  It  has  an  intensely  bitter  taste,  is 
only  slightly  soluble  in  cold  water,  fuses  under  hot  water  and 
crystalbzes  &om  it  in  stellate  groups,  melting  at  161°.  These 
crystals  sublime  at  a  higher  temperature,  and  detonate  violently 
^irhen  heated  on  platinum  foil." 

£arium  e-tlinUrobeTizixUr.,  (CaHs(NOj)jCOJ3Ba+4HjO,  forma 
k  while,  radiating  cryataUine  mass. 


Trinitrobenzoic  Acid,  CoHjCNOJaCOjH. 

ai35  This  compound  is  obtained  by  heating  trinitrotoluene  to 
WO*  with  fuming  nitric  acid  for  a  week.     It  crystallizes  from 
t  water  in  rhombic  prisma,  melts  at  1D0°  and  sublimes  at  a 
igfaer  temperature.^ 

'  Jnn.  Chem.  Fhnrn.  Ixix.  241. 
'  Michler,  ^iA.  e\ts.t.  162. 

*  Murctow,  Zeiltchr.  Chan.  IS70,  641. 

*  Sriido],  Btr.  Deuhch.  Ghern.  Qet.  liv.  B02. 
°  Hiibner,  jJiw.  Cftmn.  Pharm.  cciiii.  72. 

*  Ctaim  uid  Halbcrstiult,  Aitn.  Chem.  Pfuirm.  xiiL  81G.  _ 
'  Tiemann  and  Jiidaon,  ibid.  ill.  224. 


AROHATIC  COMPOUNDS. 


Chloroxitrobekzoic  Acids,  C^H,C1(NOj)C0,H. 

CI :  NOj  Melting-poiBt. 

o'     ^  :  5     silky  needles  or  rhombic  tablets  ^  .    .  164**— 165* 

ff      S:6     i«isms* ISr— 138 

7^     w) :  ^     long,  thin  needles  or  six-sided  tablets '         235'' 

{)     3:5     snudl  needles ^      147* 

c'     4:3     small  needles*      179—180 

J*     2:4    readily  soluble  crystals  « 136^—137 


o 


The  fii^  three  of  these  acids  have  been  obtained  by  th»« 
nitration  of  crtho-  and  meta-chlorobenzoic  acid.  The  fourtr-li 
acid  i$  pre}iared  fh>m  the  corresponding  amidonitrobenzoic  acE<l 
and  the  fifth  by  the  nitration  of  parachlorobonzoic  acid;  th'i-^ 
cvMU}K^und  and  the  last  have  also  been  obtained  by  the  oxida- 
tion of  the  cv»rre^>ndlng  chloronitrotoluenes.  Since  the  f-aci<l 
melt$  at  the  same  temperature  as  the  )8-acid,  they  weir^ 
cvnsidore^l  to  bo  identical,  but  this  is  not  the  case,  as  tl»^ 
4-acid  is  derived  frem  paranitrotoluene,  and  can  be  convert^^ 
into  orthoehlorobenzoic  acid. 


Bromokitrobkszoic  Acids,  C^H3Br(N02)COjH. 

Br  :  NOj  Mclting-pom<^ 

a)     2:5     long  neetUes  •       17r— ITS'* 

/3)     3    6     monoolinic  prisms  * 140° — 140^ 

7)     3:2     monoolinic  crystals  • 250"" 

S)     4:3     small  plates  or  neoiUes ^® 199° 

e)     3:5     long  needles  or  thin,  six-sided  tablets  ^*         161° 

5)     2:4    long  needles  12 163°— 164° 


^  Ki'kiile,  Ann,  Chem.Pharm,  cxxu.  185;  Hubner,  ZHtsehr,  Chem,  1886,  614  ; 
llubner  aiid  BkHlcrmann,  ^mh.  Chem.  Fkarm,  cxlvii  263  ;  Wilkens  and  Rack, 
ibid,  ccxxii.  192. 

'  Ulrich,  ibid  ccxxii.  95.  •  Ibid, 

•  Gnibe,  Ber.  DmUvh,  Chem.  Ges.  x.  1708. 

•  Hubner  and  Biedormann  ;  Raveill,  Ann,  Chem.  Pharm,  ccxxii.  182. 

•  AVachendorff,  ibid,  clxxxv.  275 

'  Burghard,  Ber.  DctUxh.  Chem,  Ges.  viii.  560 ;  Rahlis,  Ann,  Chem,  Pharm. 
cxcviii.  109 ;  Scheufelen,  ilnd,  ccxxxi.  181. 

•  Hubner.  Ohly  and  Philipp,  ibid.  cxUii.  283  ;  Hiibner  and  Meeker,  Zeitsehr. 
Chem.  1867,  565  ;  Habner  and  Petcnnann,  Ann,  Chem.  Pharm.  cxlix.  182 ; 
ccxxii.  101.  •  Ibid, 

^^  Ibid.  ;  Raveill.  Ber.  DetO^ek.   Chem.  Ges.  x.   1707  ;  Ann,  Chem,   Pharm. 
ccxxii.  177 ;  Scheufelen. 
^'  lleac^mann  and  Kohler,  ibid.  ocxziL  166.  1*  ScKeufelen. 
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ORTHO-AMIDOBENZOIC  ACID. 


■  The  first  is  formed  by  the  nitration  of  ortliobromobenzoic 
)  well  as  by  the  oxidation  of  the  corresponding  bromo- 
-otfilutne,  and  yields  8-dibromobcnzoic  acid  when  the 
tulroxyl  is  replaced  by  broiuine.  The  following  two  have  been 
jTepared  from  metabromobenzoic  acid  and  ore  convt-rted  into 
iwithranilic  acid  by  reduction  (Part  III.,  p.  50).  The  8-acid  is 
obtained  from  parabromobenzoic  acid  and  fhim  metauitrobrorao- 
toluene,  the  e-acid  from  the  corresponding  amidonitrobenzoic 
acid,  and  the  f-acid  by  the  oxidation  of  the  correaponding 
omtj  nitrotol  u  e  ne. 


loDONlTROBENZOIC  ACIDB,  C8H3l(N02)C02H. 

1  :  ^O^  Melting- point 

3 ;  2     slightly  soluble  crysUla  >      235° 

3:6  readily  soluble,  melts  under  water*  .  .  ,  179' 
3  : 4  readily  soluble,  does  not  melt  under  water'  192° 
4:3     readily  soluble  in  alcohol,  very  slightly  in 

water* 210" 

The  first  three  are  formed  by  the  nitration  of  meta-iodobenzoio 
aciii,  and  the  last  one  from  para-iodobenzoic  acid. 


MONAMIDOBENZOIC   ACIDS,  CflHj(NH^COsH. 

2136  OrHio-amidofjejizow;  acitl.  Fritzsche,  in  his  research  on 
aniline,  nientioned  that  the  product  of  the  first  action  of  potash 
"K  mdigo  is  a  characteristic  acid,  which  he  subsequently  obtained 
pure  by  employing  indigo-blue  in  the  place  of  crude  indigo: 
-^•^  determined  its  composition,  and  his  results  were  confirmed 
"V  tile  remarkable  decomposition  which  occurred  on  beating. 
"■^othranilic  acid  decomposes  when  it  is  heated  to  a  tempera- 
'ure  just  exceeding  its  melting-point  into  carbon  dioxide,  which 
'^  given  off  as  a  gas,  and  aniline."  * 

laebig  looked  upon  this  research  as  of  exceptional  interest, 
"•^d  its  confirmation  appeared  to  him  to  be  so  important  and 

,  '  fiiuie  and  Hufaner,  ibid,  cxxir.  lOfl  ;  firollie,  Jvurn.  PraXl.  Chm.  [2]  iviii. 
-*■  '  Ibut  •  Ibid. 

,  OhMner,  Btr.  DeuUch.  Chem.  Oa.  Tiii.  5t)2. 
Joun.  Pratt.  Chaa.  xxUi.  07 ;  jImu.  Chem.  Pharm.  xxx\x.  16. 


•fi'B(H:^Tfr  c^BSPonofi. 


Tui^zmcr-.  ur:  Trai.ig  •^naLEirsL  iir  Tnaciit/    At  like  nme  time 
ir    di«:  •'•T-2TV .     SI.    rTcrvrlt^ir    luptii  *c   foB"   lite    prepantioii  of 

•Va^?:!?.:    ?:un?rtTifcaiir  aiifwrtfc  'OiHa  xkit  acid  in  question  is 
i^i^ni^r:   ttiii  i-jiiaaiiu:   ainf    :iiH!aiimdiri«ia;z(nr  acad..*    Hiiboer 
aiiL   3  t^eniLSiiL  sussrrdsL  n.  imegiBmir  ainifanaiiBc  acid  syn- 
"iifciisil''   TT'T^   irjuztui   ttcu.    Yw-  ibfr  ninijEian  ot  metabromo- 
i^zLJiiir    Jir!ii.    "Ur^    onuuiiec  tw^   »nxiierir-    xcxrciisxanobenzoic 
auiiL*     .' ^JrT  .',*?-' ^   "i«iTU.    nf  vincii   Tkjded   anthranilic 
u:*L    lU  r-ju.-^..u.    lie  ~.   i^  i»(  ..     Ii  hiht  lie  mere  simply 
iirfsintf:  :v-  -ur  T-mir^'TL  nf  ciTLiininsrrfeeiizaic  acid  with  tin  and 
r^ii^-iiiii iri:   iLaL  *  11k    in.  »  jirfCTiitKLed  whh  solphurett^d 
i7':i^i»j7-!L    riiii    iitt    £r:rjr*    f«vin»nrKi£*£  t:    drrnesK.  the  rcadue 
zr-.'i^'i'r'i    "^rr_i    ui    t3L:-rfP    it   smnunriifc   Koi   xbe   solutioii  theft 
urj Iriir-i  -f— il  ii:vil'   arai     Tlif  rrsiccr  pmactn  rf  the  anthra- 
jlIu  a:Ti£  .r ■  ^rt." h^^  .in  .  "Liif  r^Hmhirtdg-  i«  iiien  obtained  as  the 


Sa-iiimjt^'r!:    :r:«:irT-f£   i^i  ik^niasx  lifcZf  rf  the  nitrobeiusoic 
aiii  2f  .TTLT-tirr-f-i  ziJ:   faLbrrir  adz  cm  Tcdiartioii  with  tin  and 

!:_  .^b'.'Z  '.  zciZiLTi  ."  fr.cL  iiiiii^:.  tbe  cra3e  matc^iial  is  finely 
y.T  l-^c\-l  !JL'i  \*.Liz'l  z  c  z-z.  Lrrz^  wnl  TrTi  limes  its  amount  of 
¥r:r.'-z  :•--?:•:  }»:'-isi  s.-'iTirc^  &  ^eziiZl  q'sssTrrr  of  manganese 
i::h:t  :*7i-_j  :»:oi5:.c.:.lT  a5£fL  izii  \h^  c^ri^riiial  volume  of  the 
s..--i.i.  :::-LiL-..^i:_-^:  :lr:riri::*-'i  tie  C'jtcrjTion  by  the  repeated 
^ii:-.::-:.  ::.  ?i:_ill  c.iz.iiil-es  cc  water.  The  scdution  is  then 
T,^'irruj-z^i  -=-.:*.  5:i2iC-~ :  srii.  freei  trc^ii:  most  o(  the  potassium 
FulT/'j-a^r:  f.'T  .Trruilliza'i  >n  szii  eTat*:ri>:J  to  dimess.  Potassium 
arirLr3iti£i'*:*e  Ls  n-itractrd  ^r-ni  the  residue  bv  alcohol  and  is  then 
cr>yi v<rrt^i  in**:*  th*?  <»pp^r  salt,  whi.^h  is  obtained  as  a  light  green 
preripitav-  bv  distiliinz  off  the  ali>:»hol,  acidifying  with  acetic 
ii/:\'l  iittl  adding  cc»p[>iT  acetate  or  sulphate:  the  free  acid  is 
obtnifi^."!  from  this  by  the  action  of  sulphuretted  hydrogen.* 
li'^ttin^^f.T  found  tliat  the  only  definite  compound  formed  in  this 
rttii/'iion,  in  a/ldition  to  2S  per  cent,  of  anthranilic  acid,  is  formic 

<  'J  f  .0  N' A + 20  +  4H  .0  =  2r:.H,N0. + 2CH.0 .. 

'   /////f.   ff/,rm.  PJuirm.  xxxix.  91.  '  Ibid.  Ixxxvi.  143. 

*  l;<ilHl<'iii  aikI  KnlillHTK,  ylnn.  Ch/^.  Pharm,  clxiii.  188. 
<  ///r.  IfruUrX  Chnn.  Grji.  xviii.  1404. 

''  Hiiliiuri  iind  IVt«;miaim,  Ann.  Chrw.  Pharm.  cxlix.  142 

•  Jit-r.  JJfUlch.  Chem.  Getf.  x.  2(>9. 
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Oillio-aiiiidobenzoic  acid  dissolves  in  about  250  porta  of  cold, 
more  readily  in  hot  water,  and  readily  in  alcohol.  The  floliition 
has  a  sweet  taste,  but  is  acid  to  Ittniua  paper,  and  shows  a  blue 
fluorescence  when  the  acid  is  pure.  It  crystallizes  in  small 
platea,  or  on  the  gradual  evaporation  of  ita  solution,  in  rhombic 
needles,  melts  at  145°,  ami  sublimes  when  carefully  heated,  but 
decomposes  into  carbon  dioxide  and  aniline  wbuu  dtstillt^d,  more 
completely  when  mixed  with  powdered  glass  (Liobig).  On 
treatment  with  sodium  amalgam,  benzoic  acid  and  ammonia  are 
formed  (Hiibner  and  Petermann) : 

C«H,(NH,)COsH  +  2H=CflHp.C03H  +  NH,. 

U<Ht  of  its  metallic  salts  crystallize  well. 

(hiko-amidobcTizoie  aaid  hydrochloride,  CjHrNOj.HCl.  is  readily 
soluble  in  water  and  alcohol,  slightly  in  ether,  and  crystallizes  in 
needles  or  four-sided  prisms,  melting  at  191°;  its  solution  is  not 
ptpcipitated  by  platinum  chloride. 

fmiu.rtho-nmUf'lieiKoie  acid,  2CoH,(NH.CHO)COjH-|-HjO, 
19  obtained  by  beating  ortho-amidobenzoic  acid  with  formic  acid, 
and  ciystallizes  from  chloroform  in  fine,  matted  needles,  which, 
after  drying,  form  a  light,  very  readily  electrified  mass,  and  melt 
at  168°.  When  it  is  heated  with  phosphoms  pentoside,  phenyl 
wirbamino  is  formed.' 

AcHortlio-amid'ihi-Jizoic  acid,  CgYi/^NHCJifi)CO^'il.  is  formed 
l^y  the  oxidation  of  acetorthotoluide  with  potassium  perman- 
gaoate,*  and  by  heating  a  mixture  of  equal  molecules  of 
ant.liranilic  acid  and  acetic  anhydride.*  It  is  slightly  soluble  in 
■Mid,  readily  in  hot  water,  and  crystallizes  from  acetic  acid  in 
flivt,  rh(Tmbic  needles,  which  melt  at  179° — 180°. 

i)iacirtoT/.ho-amidobcnzoic  acid,  C8H^N(C2H30)2COjH,  is  ob- 
twned  by  boiling  authranilic  acid  with  an  excess  of  acetic 
aidiydrido,  and  forms  crystals,  melting  at  220°  (Bedson  and 
King). 

B(ni,^-/.ho-amidohen2w  acid,  CeH,(NH.CO.C„Hs)COjH,  is 
Conned  by  the  action  of  benzoyl  chloride  on  anthranilic  acid 
^d  by  the  oxidation  of  benzoylnrthotoluide.  It  crystallizes 
from  alcohol  in  long  needles,  melting  at  182°.* 

'  V.  Moycran-I  Hellmiilin,  J<nim.  TrnW,  Chfrn.  [2]  xxiiii,  21. 
^  Bnlson  and  Kinjc,  Brr,  DatlxK.  Chmn,  Get.  xiv.  263, 
'  JfteksoB,  iftici.  liv.  safl. 
*  hnickner,  Ann.  Ckrni.  J'Aarm.  ccv.  134. 


««  ABQXJLnC  OOMFOUNDSL 


iit.  Cpi.^B[^O0J^H^  is  formed  when 
joi  B  diBohred  in  aqueous  ammonia: 


0>  X0.5    . 


I*  cTT^^saliiik^  firocB  kot  water  in  nacreous  plates,  and  from 
ciJf.rcfcrs  in  Itf^,  vliite  plates^  mdts  at  108°,  and  boils  with 
s£^*  -ie«x<cii!»:6n20ii  at  about  300°.  It  is  cxm verted  into  ortho- 
ai£iS:'0«e&£:-ftc  aoi  by  aoJs  and  alkalis.^ 

C>-TA.>^Mwiv-rarfe.^ifri/,  CJI^^XH^'CN,  is  obtained  by  the 
ankd  ci  tin  aoi  bTvinochloric  add  on  ortbonitrobenzonitiil ;  i^ 
dues  in  ye^vish  needles,  melts  at  103°,  and  forms  readily 


St^at«r  SakllS.* 


2137  AiaArs^ski^^  C-H5NO.  is  formed  by  the  action  of  tin  on  ^ 
s^4;iiic<i  of  cirdMQinobeiuaU^Tde  in  glacial  acetic  add,  and  ^^ 
a  cci^vvirlesss.  oily  liquid,  vbidi  has  a  diaracteristic,  penetraticB^^ 
smell  is  voLitilr  with  steam,  and  commences  to  boil  at  210"* — 21$  > 
the  grvKater  pccdva  of  it  being  decomposed.  It  rapidly  becom^^ 
brL>wn  and  resiDous  when  exposed  to  the  air  <Mr  to  light  It  is  ^ 
Terr  ftrt^ble  ba^.  and  combines  with  meicuiic  chloride  to  form  tb^^ 
ci»n:ii>>uiKi  C^H,NO-|-HgClj.  which  crystallizes  in  fine  needl^^ 
and  is  readilv  s^j'^uble  in  altx>hol  and  hot  water,  but  on  heatiiP^ 
with  a  solution  of  potassium  chloride,  is  resolved  into  i*^ 
constituents.* 

Anthnuiil  is  converted  into  anthranilic  add  by  the  action  c^^ 
alkalis : 

/CO  /CO.OH 

When  heated  with  ammonia  and  ferrous  sulphate  it  is  con^ — ' 
verted  into  orthonitrobenzaldehyde,  while  anthranilcarboxyli^^ 
acuf  is  formed  when  it  is  heated  with  ethyl  chlorocarbonate : 

/CO  /CO 

CeH,<;  I     +COCl(OC^J  =  CeH/|  +c,H,a 

\nh  \n.co.oh 

This  compound  crystallizes  from  hot  water  in  fine  needles, 
which  decompose  into  carbon  dioxide  and  anthranil  at  230^     It 

*  Kolbe,  Joum,  PraX-t.  Chem.  [2]  xxx.  475. 
'  Barthlein,  Ber.  DeuUch.  Chem.  Ges.  x,  1713. 
'  Friedlanderand  Uenri(^aes,  ibvoL  xv.  2105. 
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lolves  in  dilute  caustic  soda,  forming  a  solution  which  possesses 
splendid  blue  fluorescence;  this,  however,  soon  disappears, 
hianilic  acid  being  formed.  Anthranilcarboxylic  acid  is  also 
ained  by  the  oxidation  of  isatin,  and  will  be  more  fully 
icribed  along  with  this  substance. 

Benzoylaivthranil  is  readily  obtained  by  the  action  of  benzoyl 
oride  on  anthranil : 

.CO  /CO 

C,Ha     I     +  COCLCeH,  =  C^H  /  |  +  HCl. 

\NH  \N.CO.CeH5 

crystallizes  from  a  mixture  of  benzene  and  ligroin  in  long 
niles,  which  melt  at  122*" — 123°,  and  dissolve  when  heated 
h  dilute  alkalis,  benzortho-amidobenzoic  acid  being  formed.^ 
DieyanamidobeTizoyl,  C^HgNjO,  is  the  name  given  by  Griess  to 
ompound  which  he  obtained  by  passing  cyanogen  into  a  cold 
leous  solution  of  anthranilic  acid : 

CeH/  +C,N,=CeH/  ||  +H,0. 

\CO.OH  \C0  -  N 

is  slightly  soluble  in  water,  readily  in  hot  alcohol,  and 
'stallizes  in  small,  yellowish  prisms ;  although  it  does  not 
itain  a  carboxyl  group,  it  has  an  acid  reaction  and  is  a 
>nobasic  acid.^ 

CarhoxamidocyanamidohcTizoyl,  CgH^NgOg,  is  formed  when  the 
^ceding  compound  is  heated  with  strong  ammonia  in  a  sealed 
be: 

NH-C-CN  /NH-C-CO.NH2. 

ciystallizes  from  hot  water  in  fine  needles  and  from  alcohol  in 
tes,  has  an  acid  reaction  and  forms  salts  with  bases,  the  hydrogen 
the  imido-group  being  probably  replaced  by  the  metal 
cirbbxylcyanamidobenzoyly  2GgH.Q'if(20^+H2^>  ^^  obtained   by 
ting  dicyanamidobenzoyl  with  baryta  water: 


NH-C-CN  /NH-C-CO.OH 

t/  II  +2H,0=CeH/  I  +NH3. 

\C0  -  N  ^CO  -  N 


>  Friedliinder  and  Wlpii/rel,  Scr.  Deutsch.  Chcm.  Qcs.  xv\.  it'iH. 
'  Jiui.  XL  1986  and  2180. 

^Z.   lU. — PART  IV.  W. 
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It  crystallizes  in  small,  whit«  plates,  which  are  slightly  soluble 
in  cold  water  and  alcohol ;  it  is  a  dibasic  acid.  When  it  is  boiled 
with  water  or  acids,  or  simply  heated,  carbon  dioxide  is  evolved 
and  carbimidamidobenzoyl,  CgH^NgOj,  formed.  This  compound 
crystallizes  from  hot  water  in  needles  melting  at  21 4^  It 
possesses  basic  properties  and  has  the  following  constitution : 

/NH— CH 

Griess  has  also  prepared  various  other  derivatives  of  dicyan- 
amidobenzoyl.^ 

Mhoocycyanamidohenzoyl,  CioHi^NgOj,  is  formed  when  an 
alcoholic  solution  of  anthranilic  acid  is  saturated  with  cyanogen, 
allowed  to  stand  for  some  time  and  then  evaporated  ; 

^CO.OH 

NH— C— 00^5 

an/        I  +H2O+HCN. 

\C0— N 

It  crystallizes  from  hot  alcohol  in  needles,  melts  at  173^  and 
can  be  distilled  in  small  quantities  without  undergoing 
decomposition.^ 

2138  Uramidobenzoyl,  CgHgNjOg,  is  prepared  by  fusing 
anthranilic  acid  with  urea  or  by  boiling  the  preceding  com- 
pound with  hydrochloric  acid : 


/NH— C— OCoHe  .NH— CO 

\C0— N  \C0— NH 


+  H0.C,H5. 


It  is  slightly  soluble  in  water  and  alcohol,  crystallizes  in  lustrous 
plates  melting  above  350°,  dissolves  in  caustic  potash  solution 
and  is  reprecipitated  by  carbon  dioxide.  Fuming  nitric  acid 
converts  it  into  nitro-uramidobenzoyl,  CgH,j(N02)N202,  which 
crystallizes  in  honey-yellow  prisms,  and  is  converted  by  reduction 
into  the  slightly  soluble  amido-uramiddbenzoyl,  CfiJ^^H^'^fi^^ 

^  Ber.  ZkiUsch.  Chem.  Gcs.  xviii.  2417. 
'  Griess,  ibid,  ii.  415. 
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which  forms  yellow  needles  and  yields  salts,  which  are  also  only 
slightly  soluble  and  crystallize  well  (Griess). 

OfihcMiramidobenzoic  cicid,  CgHgNgOj.  This  compound,  which 
is  the  acid  corresponding  to  the  anhydride  just  described,  is 
fcnmed  by  the  action  of  potassium  cyanate  on  ortho-amidobenzoic 
acid  hydrochloride :  ^ 

/NIL  vNH.CO.NH2 

CeH/  +CONH=C,H,< 

\CO2H  \COjH. 

It  crystallizes  in  needles,  and  on  treatment  with  nitric  acid 
only  yields  one  dinitro-compound,  which  will  be  subsequently 
mentioned. 

Orthobcnzoglycocyamidine,  or  Beivzoylguanidine,  CgH^NgO,  is 
obtained  by  heating  ethoxycyanamidobenzoyl  with  alcoholic 
ammonia: 

/NH-C— OCJI5 
C,h/  II  +NH3= 

\C0— N 

/NH— CzzNH 
CeH,<  I  +H0.aH5. 

\C0— NH 

It  may  also  be   obtained   by   allowing  a  solution   containing 
cyanamide  and  anthranilic  acid  to  stand :  * 

CeH^.NH2                     CoH,  —  NH 
I               +  CN.NH2=  I  >C  =:  NH  +  H.O. 

CO.OH  CO NH 

y  crystallizes  in  nacreous  plates,  which  are  only  sUghtly  soluble 
^  ^ater  and  alcohol 

^^nzoylgtianidine  nitrate,  CgHgNjO.NOg,  is  a  very  characteristic 
^*>  it  crystallizes  in  small  plates,  which  are  almost  insoluble  in 
^ter  and  alcohol. 

.  ^'39  a-MethyloHhchenaoglycocyamidine,  or  a-Orthobenzocreatin'- 

^T*  ^s^{^^z)^s^>  is  formed  when  a  strongly  alkaline  solution 

^*ie  preceding  compound  is  treated  with  methyl  iodide  and 

,.  ^^ed  to  stand  for  some  days.     It  is  almost  insoluble  in  cold, 

^^tly  soluble  in  hot  water,  more  readily  in  boiling  alcohol,  and 

^  Griess,  Joum.  Prakt.  Chem.  [2]  v.  871. 
^  Griessy  Btr,  Deutach,  Chem,  Ges,  xiii.  977. 

R  2 
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It  crrstallizes  in  small,  white  plates,  which  are  slightly 
in  ct>l.l  water  an.l  alcohol ;  it  is  a  dibasic  acid.  When  it  h 
with  water  or  aclh,  or  simply  heated,  carbon  dioxide  is  c 
and  ojrrdmuh.jr.ash^j^nzoyl,  C^H^NgO^,  formed.  This  coo 
cr}-?talli2cs  from  hot  water  in  needles  melting  at  Sli 
possesses  basic  properties  and  has  the  following  constitatk 

\co-x. 

Griess  has  also  prepared  various  other  derivatives  oi 
amidobenzoyl.* 

Ethi'ryqianamidolxnzoyl,    Cj^^Hj^NgOj,    is   formed  v 
alcoholic  solution  of  anthranilic  acid  is  saturated  with 
allowed  to  stand  for  some  time  and  then  evaporated : 

CM,(      "     +  ax,  +  HO.C,H,  = 

NH-C-OC,H, 

VO— N 

It  crystallizes  from  hot  alcohol  in  needles,  melts 
can  bo  distilled  in  small  quantities  withoir 
decomix>sition.- 

2138  Uramuh^bi-nzoyl  CgH^X^O,,  is  prepar 
anthranilic  acid  with  urea  or  by  boiling  the  ] 
pound  with  hydrochloric  acid  : 


< 


It  i-!  slightly  soluble  in  water  and  alcohol,  crystaUir 
plates  melting  above  330°,  dissolves  in  caustic  j#* 
and  is  reprecipitated  by  carbon  dioxide.    Fj^WBi* 
converts  it  into  nitro-uramiddbmzofil,  Q^JSm 
crystallizes  in  honey-yeUow  prisms,  and  in 
into  the  slightly  soluble  amidr 


'  Ber.  Deii 
»  (irieaSf 
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Oxalanthranilic  acid  is  slightly  soluble  in  cold  wo-ter,  readily 
in  alcohol  and  ether,  and  crystallizes  from  the  latter  in  hard 
needles  united  to  form  druses.     It  is  a  powerful  dibasic  acid. 

NarmcU  calcium  hemamoxalaie,  209H5NO5Ca+5H2O,  is  the 
most  characteristic  salt  of  this  acid.  It  separates  out  in 
glittering  prisms  when  calcium  chloride  is  added  to  a  solution  of 
the  ammonium  salt. 

2140  IHnUrodijph^nylamiTu-orthocarboxylic  acid,  CqH^(NH. 
C^H3(N02)2)C02H,  is  formed  when  anthranilic  acid  is  heated 
with  chlorodinitrobenzene,  (CI :  NOj :  NOj  =  1 : 2 ;  4),  and  an 
excess  of  ammonia : 

CeH  /  +  C,H3C1(N02)2+  2NH3= 

\CO.OH 

.NH-CeH3(N02)2 
CeH/  +NH,C1. 

\CO.ONH, 

The  ammonium  salt  produced  in  this  way  forms  lustrous,  ruby- 
red  plates ;  the  free  acid  is  obtained  by  the  addition  of  strong 
hydrochloric  acid  to  this  salt,  and  is  almost  insoluble  in  water, 
only  very  slightly  soluble  in  cold  alcohol  and  glacial  acetic  acid, 
crystallizing  from  a  hot  mixture  of  these  in  small,  orange-yellow, 
matted  needles,  which  fuse  at   262° — 264°  to  a  brownish  red 
liquid,  which  appears  almost  black  when  seen  in  thick  layers ; 
when  it  is  carefully  heated  a  portion  distils  without  decomposi- 
tion, but  it  detonates  when  rapidly  heated  on  platinum  foil. 

Its  alkaline  salts  are  slightly  soluble  in  cold,  more  readily  in 
hot  water,  and  crystallize  in  reddish  yellow  to  ruby-red  plates, 
which  detonate  on  heating.  All  the  other  salts  are  almost 
insoluble.     The  barium  salt  is  a  dark  cinnabar-red  precipitate. 

This  compound  does  not  yield  the  corresponding  amido-acid 
on  reduction  with  tin  and  hydrochloric  acid,  but  this  is  converted 
into  diamidohydro-acridine  ketone  with  elimination  of  water ;  this 
substance,  which  will  be  subsequently  described,  has  the  follow- 
ing constitution : 

CH  NH  CNH- 

HC     C     C      CH 


HC     C     C      CNHo 
CH  CO   CH 


Other  aniido-acids,  in  wLicb  tlie  carbosyl  does  not  stand 
in  the  ortho-poaition  to  the  amido-groiip,  also  yield  dinitro- 
diphenylaminecarboxylic  aciiis  with  chlorodinitrobenzeue,  but 
these  are  converted  by  reduction  iuto  the  corresponding  dianiido- 

This  reaction,  therefore,  may  be  employed  as  a  ready  method 
for  ascertaining  whether  or  not  an  aromatic  amido-acid  belongs 
to  the  ortiio-series.  The  compoiind  to  be  tested  is  heated  to 
boiling  with  chlorodinitrobenzene,  alcohol  and  Bome  ammonia 
for  some  time.  If  an  ortho-compound  be  present,  the  product 
yields  on  reduction  a  base  insoluble  in  alkalis ;  in  other  cases 
an  acid  is  obtained.' 

2141  3fdamidof<cnzoic  acid.  Zinin  obtained  this  compound  in 
1845  by  the  action  of  ammonium  sulphide  on  nitrubenziuic  acid 
(metaaitrobenzoic  acid)  and  named  it  bejizamic  acid.*  Chancel^ 
in  1849,  converted  nitrobenzamide  into  amidobeuzamide  by  the 
same  method,  but  he  looked  upon  the  substance  obtained  aa 
aniline  urea  and  named  it  carhatUlamide.  By  boiling  it  with 
caustic  potash  solution  he  obtained  cwrhanilidic  acid,  which 
Gerland  subsequently  proved  to  be  identical  with  benzamic  acid.' 
Voit,  who  investigated  its  salts,  remarked  that  the  latter  name 
is  unsuitable,  since  only  the  radicals  of  dibasic  acids  form  amic- 
acids,  and  he  therefore  proposed  the  name  amidobenzoic  acid,* 

In  order  to  prepare  it,  a  solution  of  metanitrobenzoic  acid  in 
strong  ammonia  is  saturated  with  sulphuretted  hydrogen  in. 
absence  of  air,  concentrated  and  treated  with  acetic  acid.  Meta- 
nitrobonzoic  acid  may  also  be  reduced  with  tin  and  hydrochloric 
acid  and  the  double  tin  salt  of  the  amido-acid  decomposed  with 
sulphuretted  hydrogen.  The  amidobenzoic  acid  is  then  pre- 
cipitated irom  the  filtrate,  previously  neutralized  with  ammonia, 
by  acetic  acid. 

It  is  slightly  soluble  in  cold,  more  readily  in  hot  water  and 
alcohol,  and  crystallizes  in  warty  masses  of  needles,  which  melt 
at  174°  and  partially  volatilize  at  a  higher  temperature  without 
decomposition  ;  when  it  is  heated  with  spongy  platinum  (Chancel) 
or  baryta,  it  decomposes  into  carbon  dioxide  and  aniline.  Its  solu- 
tion has  an  acid  reaction  but  a  sweet  taste,  and  decomi)oses  in 
the  air  with  separation  of  a  brown  powder,  its  alkaline  solution  ^ 


'  Jourdui,  Bcr.  BciUitk.  Chtm.  Oa,  1 
'  Joum.  Prakt.  Chan,  xxivi.  fl3. 
'  Ann..  Clitm.  Phami.  Ixxxvi.  U2, 
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beliaving  Id  a  similar   mauner.      Ita   metallic  salts  crjstallizo 
well. 

Mftaiiiidoheruoic  acid  hydroehloridi,  CjHjNOyClH,  crystallizes 
in  prisms,  which  are  readily  soluble  in  water,  slightly  in  hydro- 
chloric acid  ;  the  platinichloride  forms  golden-yellow  needles, 
and  the  double  tin  salt.  C,HjNOj.ClH  +  SnClj.  crystallizes  in 
plates  (Beilst«in  and  Wilhraud).  Its  other  compounds  with 
adds  also  crystallize  welL 

ilttamidobenzamuie,  C^HjfNH^CO.NHj.  is  obtained,  accord- 
ing to  Chancel,  when  ammonium  sulphide  is  added  to  a  boiliug 
aqueous  solution  of  metanitrubeozamide.  It  is  readily  soluble 
in  water,  and  forma  large,  yellow  crystals,  melting  at  75°.'  Like 
lunidobenzoic  acid  it  is  a  mooacid  base. 

Mdamidobemoiiitrit,  CgH,(NHj)CN,  is  formed  when  meta- 
nitiobenzonitril  is  reduced  with  zinc  and  hydrochloric  acid  *  or 
tin  and  acetic  acid,'  aa  well  as  by  heating  meta-uramidubenzoic 
add  vrith  phosphoric  acid  :  * 

QQ Q  Q^ 

C.H./  \nH„  =  cm/  '     +CO,  +  H,0. 

\NH.CCK  ^NHj 

ft  crystallizes  finm  dilute  alcohol  in  long,  white  needles,  melts 
at  53=_54=,  boils  at  288°— 2!)0°,  and  is  deconiiwsed  by  iwwerful 
•^dncing  agents  into  ammonia  and  benzonitril,  the  latter  being 
partially  converted  into  benzjlamine.  When  it  is  treated  with 
;^lcohi)lic  potash  and  chloroform,  the  carhamine,  C|5Hj(NC)CN, 
'3  formed ;  it  has  an  overpowering  odour  and  has  not  been 
"^rthcr  investigated.  Metamidobenzonitril  is  a  monacid  base 
***d  forms  salts  which  crystallize  well. 

Mdhylmetamidohenzoic  add,  or  Mclabenzosar cosine,  CuHj(NH, 
"B^COjH,  was  obtained  by  Griesa  as  a  decomposition  product 
'*f  «-benzocreatine  ;  it  is  slightly  soluble  in  cold,  more  readily  in 
**ot  water,  and  crystallizes  in  small  plates. 

Dimethplmctamidobenzoic  add,  CaH^.NCCHgjjCOjH.  The 
i&ethyl  ether  of  this  acid  is  formed  by  a  molecular  change  from 
"le  following  compound,  and  is  a  liquid  which  has  a  faint 
'>™tnatic  odour,  and  boils  at  270°.  The  acid  is  obtained  from  it 
•T  decomposition  with  alcoholic  potash,  and  is  also  only  slightly 

'  Bei]«l»in  Mid  ReichenWIi,  Ann.  Chcm.  Fhann,  cjtiiiL  142. 
'  Hoftnaon,  Ser.  Deulich.  Vhnn.  Oa.  i.  19fl. 
"  Frieko,  ibid.  »ii.  1321. 
•  Qrieni,  ibid.  riu.  801. 
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soluble  in  hot  water ;  it  crystallizes  in  dull  needles,  melting  at 
151^ 

Trimethylamidohenzoic  acid,  or  Metahenzobetwine,  C^^ifyEL^^ 
O2  +  HgO.  The  iodide  of  this  compound  is  formed  when  a  solu- 
tion of  amidobenzoic  acid  in  methyl  alcohol  is  allowed  to  stand  in 
contact  with  an  excess  of  caustic  potash  and  methyl  iodide  ;  it 
forms  short  prisms  of  the  formula  C7H502N(CH3)5l + HgO.  The 
free  base,  which  is  obtained  by  the  action  of  lead  hydroxide, 
crystallizes  in  deliquescent  needles,  which  lose  one  molecule  of 
water  at  105**,  and  have  a  neutral  reaction  and  bitter  taste. 

The  anhydrous  compound  is  converted  on  fusion  into  the 
methyl  ether  of  the  preceding  compound.^ 

CO/  >N(CH3)3  =  C0< 

.N(C5ftO)H 
Acetmetamidohenzoic  add,  CgH.<^  ,  is    metameric 

\CO2H 

with  hippuric  acid  and  is  formed  when  metamidobenzoic  acid  is 
heated  to  160°  with  glacial  acetic  acid.  It  crystallizes  in  fine, 
white  needles,  is  almost  insoluble  in  cold  water,  has  a  bitter 
taste,  at  the  same  time  resembling  that  of  saltpetre,  and  melts  at 
245° ;  it  sublimes,  however,  at  a  lower  temperature.^ 

2142  Amidobenzoic  acid  percyanide,  {GQH.^(^S.^GO^L)fi^^^ 
is  the  name  given  by  Griess  to  a  compound  to  which  he  had 
previously  assigned  the  formula  CqH4(NH2)C02HC2N2,  and 
which  is  obtained  by  passing  cyanogen  into  an  aqueous  solution 
of  metamidobenzoic  acid.  It  is  a  yellow,  crystalline  substance, 
which  is  insoluble  in  water,  scarcely  soluble  in  alcohol  and  ether, 
and  has  acid  properties.  On  distillation  it  decomposes  into 
water,  carbon  dioxide,  ammonia,  ammonium  cyanide  and  met- 
amidobenzonitril.  When  heated  to  130°  with  alcohol,  it  decom- 
poses into  metamidobenzoic  acid  and  metabenzamoxalic  acid. 

CeH,.NH.C(NH)C(NH)NH.CeH, 

I 
CO2H 


I  +  3H2O 

COoH 


aH..NH2        aH,.NH.CO.CO.OH 

+  I  +2NH^ 


CO2H  CO2H 

*  Griess,  Bcr.  Devtseh.  Chem.  Ocs,  vi.  686, 

'  Forster,  Ann,  Cliem.  Pharm.   cxvii.  166  ;  Kaiser,   Ber,  Deutseh,  Chem.  Ges, 
xviii.  2946. 
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Mttabenzanwxcdic  add,  or  Oxalamidobenzoic  acid,  is  also  formed 
by  heating  metamidobenzoic  acid  with  oxalic  acid,  and  crystal- 
Ii2e3  from  hot  water  in  narrow  white  plates.^ 

Cyanocarbimidobenzoic  acid,  SCgHyNjOj  4  HgO,  is  formed 
together  with  the  percyanide  according  to  the  equation  : 

NHj         CN  .NH C=NH 

"*    ^^COgH       CN~     '    ^^COjH     CN 

It  is  only  very  slightly  soluble  in  cold  water,  readily  in  hot 
alcohol,  and  crystallizes  in  elliptical  plates,  which  have  an  acid 
'^Baction  and  combine  with  bases  and  acids. 

Cyanocarboxamidobenzoic  add,  C^HgNOj,  is  obtained  by  the 
action  of  nitrous  acid  on  a  cold  solution  of  the  preceding  com- 
pound in  hydrochloric  acid : 

,NH C=NH 


°'<co^    hs     ^=''°'  = 


/NH CO 

•CeH/  y  H-N^  +  H.O. 

\CO2H     CN 

^^  crystallizes  in  lustrous,  white  plates,  which  have  a  sweet 
^^-^te,  and  are  almost  insoluble  in  cold  water,  but  are  decomposed 
"^  boiling  water  with  formation  of  carbon  dioxide,  hydrocyanic 
^^id  and  carboxamidobenzoic  acid.  When  it  is  dissolved  in 
imonia,  uramidobenzoic  acid  is  formed  : 


/NH CO  /NH CO 

^,H  /  I        +  NH3  =  CeH  /  I      +  HCN. 

^COjH      CN  \CO2H     NH2 

Methylamine,  ethylamine,  &c.,  act  in  a  similar  manner,  and  a 
•-^ige  number  of  substituted  uramidobenzoic  acids  can,  therefore, 
^^  prepared  in  this  way.* 

If  cyanogen  be  passed  into  an  alcoholic  solution  of  metamido- 
^nzoic  acid,  the  percyanide,  which  has  been  already  mentioned, 

^  Griess,  Ber.  Deutseh.  Chem.  Oes.  i.  191 ;  xi.  1985 ;  xvi.  836 ;  xviii.  2412 ; 
Schiff,  ibid,  xix.  252. 
'  GriesB,  ibid,  xriii.  2415. 


un  ivi 


out 


«m  iHeiwmq  -he  motiifpr  liqiiiBr  to  stand 


CO^      *   '  .31F 

COM 

C,H,  "  -  C  Jif  ,  -  HO.C^  = 

y~3H — cr    ■^— > 

C^<  [  +HCN. 

MX>jH    OCA 

Car^yimuLrmiduhensoie  aeid,  a€  GmamidodibfKaafie  mnd^  C^^Hu 
^,0^  is  obcained  from  tdie  erode  product  l^  extraction  with 
biHling  water:  it  a^ftratea  oat  oa  cooliiig  in  needles^  which 
aie  pnridai  bj  being  dissolved  in  hydrochloric  acid,  the  solution 
nenrralized  with  ammonia  and  th<ai  precipitated  by  acetic  acid. 
The  precipitate  is  at  iirst  aznorphoos,  bat  soon  changes  into 
neeiiles.     It  Uynns  salts  with  both  adds  and  bases.^ 

Et,h^:Q^*:arhiniidamidob€nzij%c  (uid^  fC^^j^X jOj  +  3H^0,  is 
ali^tly  soluble  in  water,  more  readily  in  alcohol,  and  crystallizes 
in  needles.- 

Meta-^uramidoh^ikZiAc  atid^  CgH^N ^O,  +  HjO,  is  formed  when 
the  preceding  compound  is  boiled  with  hydrochloric  acid  : 

/NH C=XB  /NH CO 

C,h/  I  +H,0  =  C,h/  I   +HO.C,H,. 

^CO^     OCH,  \C0^     NH, 

Menschutkin  obtained  it  from  potassium  cyanate  and  met- 
amidobenzoic  acid  hydrochloride,  and  named  it  oxyhemuramic 
acUl?  Griess  then  showed  that  it  is  also  formed  by  bringing 
metamidobenzoic  acid  into  fused  urea.*  It  is  slightly  soluble 
in  water,  more  readily  in  alcohol,  and  crystallizes  in  needles  or 

1  Griess,  Zeitgchr,  Chem.  1867,  534. 
'  Jowm,  Prakt.  Chem.  [2]  iv.  296. 
^  An'n,  Chem.  Pharm.  cliii.  84. 
*  Ber.  Deul9ch,  Chem.  Qcs.  it  47. 
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fine  pisms.  Its  salts  have  been  investigated  by  Menschutkin. 
On  treatment  with  concentrated  nitric  acid  it  yields  three  di- 
nitro-compounds  (p.  255). 

Meta-uretJuinebemoic  acid,  CjqHuNO^,  is  formed  by  the  action 
of  nitrous  acid  on  ethoxycarbimidamidobenzoic  acid  ^  and  by 
treating  metamidobenzoic  acid  with  ethyl  chlorocarbonate  : 


CM 


/NIL  COCl  /NH CO 

<  +     I  =    CeHZ  I  4.HCI. 


It  crystallizes  in  plates,  which  are  slightly  soluble   in  water, 
dissolve  in  alcohol  in  every  proportion,  and  melt  at  189°. 

Carhoxamidobenzoic  add,  or  Metacarbamidohenzoic  acid,  CjgHjg 
NjOj,  is  obtained  by  heating  uramidobenzoic  acid  to  200°,  or  by 
repeatedly  evaporating  the  solution  of  its  barium  salt :  * 

/NH-  /NH.aH,.C02H 

2C0(  =  C0<  +  C0(NH^2- 

\NH.CeH,.C02H  \NaCeH,.C02H 

It  is  also  formed  when  meta-urethanebenzoic  acid  is  heated 
fibove  its  melting-point,*  and  crystallizes  in  microscopic  needles, 
^hich  are  insoluble  in  water,  alcohol  and  ether. 

2143  Metahenzoglycocy amine,  or  Metaguaniddbenzoic  add,  CgH^ 
NjOg  +  H^O,  was  first  obtained  by  Griess  by  boiUng  amido- 
benzoic  acid  percyanide  with  caustic  potash  solution ;  it  is  also 
formed  by  the  action  of  ammonia  on  ethoxycarbimidamido- 
benzoic acid,  as  well  as,  similarly  to  glycocyamine  (Part  II.  p.  97), 
by  allowing  an  alcoholic  and  ammoniacal  solution  of  cyanamide 
and  metamidobenzoic  acid  to  stand  :  * 

CeH^-NHg        C=Sr        CeH^.NH— C=NH 


COoH  NHo  CO 


2"  -'.^"2  v^v/2^  NHg 

It  is  sHghtly  soluble  in  alcohol,  and  crystallizes  from  hot  water 
in  thin,  four-sided  tablets  which  dissolve  in  caustic  potash,  but 
are  reprecipitated  by  carbon  dioxide.     It  forms  salts  with  the 

^  Griess,  Ber,  Deutaeh,  Chem.  Oes,  ix.  796. 

'  Griess,  Zeitsehr.  Chem.  1868,  650 ;  Ann,  Chem.  Pharm.  clxxiL  170. 

•  Wachendorff,  Ber.  Deutsch.  Chem.  Oes.  xL  701. 

*  Griess,  ibid,  vii  576 ;  viiL  828. 
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mineral  acids,  but  does  not  combine  with  acetic  acid.     On  boil- 
ing with  baryta  water,  uramidobenzoic  acid  is  first  formed  : 

/NH.C(NH)NIL  .NH.CO.NH2 

CeH,<  +H,0  =  C,h/  +NH3. 

\CO2H  \CO.H 

On  continued  boiling,  metamidobenzoic  acid  and  urea  or  de- 
composition products  of  these  are  produced. 

a-MetabenzocrecUine,  2C8Hg(CH3)N302+3H20,  is  formed  by 
the  action  of  methyl  iodide  and  caustic  potash  on  a  solution  of 
the  preceding  compound.  It  is  slightly  soluble  in  water  and 
alcohol,  crystallizes  in  pointed  plates,  and  decomposes  into  urea 
and  benzosarcosine  when  boiled  with  baryta  water. 

13-Metabenzocreatine  is  prepared  from  ethoxycarbimidamido- 
benzoic  acid  and  methylamine,  and  crystallizes  from  hot  water 
in  small  plates.  On  heating  with  baryta  water  it  yields  meta- 
amidobenzoic  acid,  methylamine,  and  carbon  dioxide  (Griess). 

The  metabenzocreatines,  like  benzoglycocyamine,  exist  in  the 
free  state  as  salts,  and  have  the  following  constitution : 

a  /3 

CoH,.N  (CH3)  C=NH         CoH,.NH.C=NH 

CO 0 NH3  CO— 0— N(CH3)h/ 

If  these  compounds  be  compared  with  those  of  the  ortho-series, 
it  is  found  that  the  latter  contain  a  molecule  of  water  less  or  are 
anhydro-compounds,  this  class  of  bodies  being  very  readily 
formed  by  and  characteristic  of  the  ortho-series. 

PhenylmetdbenzoglycocyaminCy  CgH8(CgH5)N302+H20,is  formed 
when  cyanocarbimidamidobenzoic  acid  is  heated  with  aniline : 

/NH C=NH 

C,H/  I  +H2N.CeH,= 

\CO2H    CN 

/NH C=NH 

C^h/  I  +HON. 

\CO«H.  N.C«H,H 


'6"6-' 


It  is  insoluble  in  alcohol,  but  slightly  soluble  in  hot  water, 
readily  in  hydrochloric  acid  and  caustic  potash,  and  crystallizes 
in  needles  or  plates,  which  have  a  bitter  taste  followed  by  a 
sweet  after-taste. 
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Amidophenylmetabenzoglycocyamine,  CgH8(C(jH^.NH2)NjOjj,  is 
prepared  in  a  similar  manner  from  paradiamidobeDzeno ;  it 
crystallizes  in  small  prisms,  and  is  a  diacid  base.^ 

2144  Paramidobemoic  acid  is  obtained  by  the  reduction  of 
paranitrobenzoic  acid  with  ammonium  sulphide,*  or  better  with 
tin  and  hydrochloric  acid.*  It  is  tolerably  soluble  in  water,  very 
readily  in  alcohol,  and  crystallizes  in  long  needles  forming 
fascicular  aggregates ;  it  melts  at  186° — 187°,  and  decomposes 
at  a  higher  temperature  into  carbon  dioxide  and  aniline,  a 
decomposition  which  may  also  be  effected  by  heating  it  to  160° 
—180°  with  hydrochloric  acid. 

It  is  characteristic  of  paramidobenzoic  acid  that  lead  acetate 
gives  with  its  aqueous  solution  a  crystalline  precipitate  of  the 
double  salt,  C7H,(NH2)OjPbC2Hs02.* 

Paramidobenzoic  acid  hydrochloride,  C7H7NO2.HCI,  crystallizes 
in  small  plates  or  prisms. 

ParamidobcTizamide,  G^^(Nli^G0.^}i2,   is   formed   by  the 

reduction  of  paranitrobenzamide  with  ammonium  sulphide,  and 

fonns  large,  light  yellow  crystals,  which  melt  at  178° — 179°,  and 

*re  much  less  soluble  in  water  than  those  of  the  meta-compound.* 

faramidobenzonifril,  C^H4(NH2)CN,  may  be  prepared  from 

P^anitrobenzonitril,*  and  by  the  distillation  of  para-uramido- 

/^nzoic  acid  with  phosphorus  pentoxide.^     It  is  readily  soluble 

'^  alcohol  and  boiling  water,  and  crystallizes  in  needles,  melting 

^^  100°  (Fricke).     It  forms  crystalline  salts  with  acids. 

IHinethylparamidohciizoic  acid,  G^^(flli.^^O^,  is  obtained 

J^  heating  the  amido-acid  with  caustic  potash,  methyl  iodide 

!^^d  wood  spirit.     It  crystallizes  in  short,  broad  needles,  melt- 

^  ^g  at  235°,  and  combines  with  acids  and  bases,  but  is  insoluble 

^^  acetic  acid.® 

Acetparamidobenzoic  aM,  CgH^(NH.C2H30)C02H.     Hofmann 

^^l)tained  this   compound   by   the   oxidation  of  acetparatoluide 

^With  potassium  permanganate.     It  is  slightly  soluble  in  water, 

^«adily  in  alcohol,  and  crystallizes  in  needles,  which  melt  with 

^decomposition  at  250°.*     On  boiling  with  hydrochloric  acid  it  is 

^^n verted  into  paramidobenzoic  acid.^® 

^  Oriess,  Ber.  D^nitseh.  Chem.  Oes,  xvi.  336. 

*  Fischer,  Ann.  Chem.  Pharm.  cxxvii,  142. 
'  BeiUtein  and  Wilbrand,  ihid.  cxxviii.  264. 

*  Ladenburg,  Ber,  Deutsch.  Chem.  Gcs.  vi.  130. 

*  Beilstein  and  Reichenbach,  Ann.  Chem.  Pharm.  cxxxii.  144. 

*  Engler,  ibid,  cxlix.  302 ;  Fricke,  Ber.  Devisch.  Chem.  Oes.  vii,  1322. 
"^  Griess,  ibid.  viii.  861.  *  Michler,  ibid.  ix.  401. 

»  Ibid,  ix.  401.  i«  Kaiser,  ibid,  xviii.  2942. 
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Faroruramidobenzoic  add,  CgHgNjOj,  is  formed  at  the  same 
time  as  paracarbamidobenzoic  acid  by  fusing  paramidobenzoic 
acid  with  urea,  or  potassium  cyanate  with  paramidobenzoic  acid 
hydrochloride.  It  forms  elongated  plates,  is  scarcely  soluble  in 
cold,  only  very  slightly  in  boiling  water,  more  readily  in  hot 
alcohol.  Concentrated  nitric  acid  only  forms  one  dinitro-com- 
pound. 

Faracarbamiddbenzoic  acid,  CigHijNgOg,  is  obtained  by  heating 
the  preceding  compound,  and  forms  small  needles  which  are 
insoluble  in  the  ordinary  solvents. 


JO 


CHLORAMIDOBENZOIC  ACIDS,  CgHsClCNByCO^H. 

CI :  NHj  Melting-point. 

a)  2:5  small,  readily  soluble  needles,^      .    .  212' 

13)  3:6  long,  almost  insoluble  needles,*    .    .  148' 

S)  3:6    needles,* 216" 

e)  4:3     small  needles,* 212** 

2145  The  chloramidobenzoic  acids  corresponding  to  7-  and  f- 
chloronitrobenzoic  acids  are  unknown.  Two  others  have,  how- 
ever, been  prepared,  one  of  which  has  been  obtained  from 
chlorisatin,  and  should  be  identical  with  the  ^-acid,  but  melts 
at  204° ;  ^  it  will  subsequently  be  mentioned.  The  second  has 
been  prepared  by  Griess  together  with  the  €-acid  by  decomposing 
metadiazobenzoic  acid  imide,  CgH^Ng.COgH,  with  hydrochloric 
acid;  it  crystallizes  in  small  prisms  and  has  the  constitution 
C1:NH2=2:3.« 

^  HiibnerandBiedermann,  Ann.  Chem,  Pharm,  cxlvii.  258  ;  Rack  and  Wilken, 
ibid,  ccxxii.  198. 

'  Cmize  and  Hiibner,  ihid.  cxxxv.  Ill ;  Hfibner  and  Weiss,  Ber,  DcxUscK  Chem, 
Ges.  vL  175. 

»  Grube,  ihid.  x.  1703. 

*  Hubner  and  Bicdermann ;  Raveill,  Ann.  Ch^m,  Pharm,  ccxxii.  177. 
'  Dorsch,  Joum.  Prakt.  Chcm.  [2]  xxxiii.  60. 

*  Griess,  Bcr.  Deutsch.  Chcin.  Oes.  xix.  318. 


NITRO-AMIDOBENZOIC  ACIDS. 


255 


[m 


BROMAMIDOBENZOIC  ACIDS,  CgHgBrCNH^COgH. 

Br  :  NHj  Melting-point. 

a)  2:5     broad  needles  ^ ISO** 

ff)  3:6  long,  slightly  soluble  needles  *      .    .  208* 

7)  3:2     needles* 172* 

i)  4:3  light  yellow  needles  *    .    .....  225* 

e)  3:5  colourless,  tough  needles ^    ....  215* 


lODAMIDOBENZOIC  ACIDS,  CeH3l(NHj)C0jjH. 

Melting-point 

a)    3:2    brown  needles 137* 

i8)    3:6     needles  melting  with  decomposition      209'' 

l^ese  have  been  prepared  from  the  iodonitrobenzoic  acids 
^d  are  converted  by  reduction  into  orthamidobenzoic  acid. 


NITRO-AMIDOBENZOIC  ACIDS, 
CeH3N02(NH2)CO,H. 

2146  Seven  of  the  ten  acids  possessing  this  composition  which 
'^  possible  according  to  theory  are  known,  and  their  constitution 
shown  on  the  next  page.  The  first  three  have  been  obtained 
om  meta-uramidobenzoic  acid,  which,  as  already  mentioned, 
ields  three  dinitro-compounds.  These  cannot  be  directly  separ- 
^^ted,  but  on  boiling  with  dilute  ammonia  are  converted  into  the 
^^ononitro-uramidobenzoic  acids,  which  can  be  separated  by 
Leans  of  their  barium  salts : 


C8H,(N0^,N,0,+H,0  =  C8H,(N0j)N  A+NO,.OH. 
They  are  re-converted   by  concentrated   nitric   acid   into   the 

^  Btu^gbard,  Ber.  Deutsch.  Chera.  Oes.  viii.  560. 

*  Hiibner  and  Meeker,  ZeUaehr.  Chem.  1867,  564  ;  Hiibner,  Ohly  and  Philipp, 
AnrL  Chein,  Phami.  cxliii.  241  ;  Hubner  and  Petermann,  ibid,  cxiix.  183. 

»  Ibid.  *  Burghard ;  RaveilL 

*  Hesemann  and  Kohler,  Ann.  Chem.  Pharm.  ccxxii.  169. 
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DINITBO-AMI  DO  benzoic;  ACIDS. 

^^'.    It  is  converted  by  the  diazo-renction  into  niGtanitrobeuzoic 
'Kid,  and  by  reduction  into  ^S-diamidobenzoic  acid, 

(-Nitro-amidobcmoic  acid  was  prepared  by  Griesa  from  dinitro- 
o/tLo-Tiraniido benzoic  acid,  and  by  Hiibner  from  the  nitrosalicylic 
acid  wliich  melts  at   228°  by   beattng  the  ethyl   ether  with 
a/eoholic  ammonia;  e-nitro-amidoljenzamu/e,  CbHjNO.j(NHJCO. 
NH,,  18  thus  obtained,  and  cryatallizea  in  small,  yellow  needles, 
'neliing  at  140°;  it  ia  converted  into  the  acid  by  boiling  with 
baj^-ta  water.'    Rhalis  obtained  it,  together  with  paranitraniline, 
by     heating  the  nitrobromobenzoic  acid  which  midts  at  179° — 
ISO"  with  ammonia.*      It  crystallizes  from  hot  water  in  long, 
histrous,  yellow  needles,  melting  at  270°.     Ethyl  nitrite  con- 
verts it  into  metanitrobenzoic  acid,  and  on  reduction  it  yields 
«— «3iamidobenzoic  acid. 

^-Xitro-aviidohfmoic  acid.  Hiibner  obtained  the  amide  of 
tliis  acid  from  tte  nitrosalicylic  acid  which  melta  at  144°;  it 
ci-ystallizea  in  yellow  plates,  melting  at  109°,  and  on  boiling  with 
l>a.;ryta  water  yields  the  acid,  which  ja  readily  soluble  in  alcohol 
and  crystallizes  from  hot  water  in  long,  yellow,  eilky  needles, 
rei^lting  at  204°,  Nitrous  acid  converts  it  into  metanitrobenzoic 
aoid. 

vj-NUro-amiddbenzoie  acid  is  formed  by  the  reduction  of 
S-<limtrobenzoic  acid  with  ammonitim  sulphide,*  ami  crystallizes 
from  water  in  long.golden  yellow  needles,  or  small,  compact  prisms, 
lueltin^  at  208°.  It  is  converted  into  metanitrobenzoic  acid  by 
etliyl  nitrite,  while  raetachlorobenzoic  aciii  may  be  obtained  from 
it  ly  replacing  the  amido-gioup  by  chlorine  and  the  nitroxyl  by 
l>ydrogen ;  its  constitution  is  thus  established. 


P 


DINITRO-AMIDOBENZOIC   ACIDS, 

^'47  IHniint-ortkamidohemoie  add  or  Dinitro-antkranilic  acid 

■~'Ojt  N0,  =  3 : 5)  ia  prepared  by  the  action  of  ammonia   on 

^'^    ether   of  dinitrosalicylic   acid.     It   is   slightly    soluble  in 

'*^oljol,  and  crystallizes  from  it  in  lustrous,  golden  scales,  melting 


SalltowflL  i,  Ann,  Cheiii,  t'harm,  i 
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IHnUroparamidobenzoie  acid,  fNO*  :  X02= i  :  G}.     Cahoars.  in 
1840,  found  that  an  acid  soluble  in  ammonia  ia  formed  bvthe 
action  of  fuming  nitric  acid  on  nitranisic  acid,  in  addition  to 
dinitro-aniaol  and  trinitro-aniaol  (Tart  III.,  p.  125).     This  sub- 
stance being  of  a  splendid   golden  yeUow  coloory  he  named 
it  chrjiianiiiic  acid,  C-H^NjO^,  looking  upon  it  aa  a  homologue 
of  picric  acid.^     After  trinitrocresol  had  been  prepared,  Kolbe 
suggested  that  it  is  identical  with  chrysanisic  acid,^  but  Beilsteix^ 
and  Kellncr  showed  that  this  is  not  the  case,  since  the  latter  ba> 
the  formula  CyH^N^O^  and  differs  from  the  isomeric  trinitr^^)' 
toluene,  which  was  prepared  and  described  by  Wilbrand.' 

The  actual  constitution  of  chrysanisic  acid   was  determiifc^^ 

by  Salkowski,  who  found  that  it  is  not  contained  in  the  product    ^ 

the  action  of  nitric  acid  on  nitraniaic  acid,  .but  is  formed  by  t 
action  of  ammonia  on  dinitro-anisic  acid :  ^ 

C,H,(0CH3)CN0^,C0^  +  NH,=CeH,(NH^(NO,\CO;a 

HO.CH^ 

It  may  also  be  obtained  by  the  oxidation  of  dinitropar*:^^ 
toluidine,*  and  crystallizes  from  hot  water,  in  which  it  is  qtlSM) 
very  slightly  soluble,  in  fine  needles,  and  from  alcohol  in  lustroi^-^ 
golden,  rhombic  plates,  melting  at  259^  On  heating  to  200" 
210*^  with  fuming  hydrochloric  acid,  /8-trichlorobenzoic  acid  i 
formed,  and  with  nitric  acid  it  yields  picric  acid,  while  th 
dinitro-anisic  acid  from  which  it  is  prepared  is  converted  int 
/9-dinitrophenol  when  heated  with  water  to  170**.* 


DIAMIDOBENZOIC  ACIDS,  CeH3(NH2)2C02H. 

2x48  The  fonnation  of  these  has  been  already  mentioneil 
un(l(jr  tlie  dinitro-  and  nitro-amido-benzoic  acids.  The  numbers 
signify  tlie  position  of  the  amido  groups. 

a-I)iumidohenzf)ic  acid  (2  :  5)  is  slightly  soluble  in  alcohol  and 
hot  water,  and  crystallizes  in  very  small  prisms,  which  decompose 
on  licating  with  formation  of  paradiamidobenzene. 

*  Ann.  Chim.  Phya.  [3]  xxvii.  454. 
''  Tjchrh.  Org.  Chcm.  ii.  145. 

*  Ann.  Chfin.  Pharm.  rxxviii.  161. 

*  Ibid,  clxiii.  1. 

^  FriiMlfriri,  Jhr.  Dntfsrh.  Chrvi.  (Jts.  xi.  1975 
"  SnlkoWHki  and  K\uIo\y»K,  i6ui,  x.  l'Z54. 


DUUlDOBEHZOtC  ACIDS. 

fi-Diamidabemoic   and   (3 : 4)  crystallizes  from  hot  water  in 
Bmal!  plates,  which  melt  at  211°,  and  decompose  at  a  higher 
temperature,  more  easily  when  mixed  with  powdered  glass  or 
lime,  into  carbon  dioxide  and  orthodiamidobenzene. 
y-Dtamidobenxoic   acul   (2:3)   fornia    long,   yellowish    white 
edlen,  and  alao  yields  orthodiamidobenzene  on  heating. 
I  h-Diamidobevxoic  acid  (3 : 5)  la  slightly  soluble  in  water,  more 
(lily  in  alcohol,  and  crystallizes  in  long  needles  which  melt  at 
J°when  gradually  heated,  but  at  236°  when  rapidly  heated.' 
1  are  carbonized  at  a  higher  temperature  with  evolution  of 
On  beating  with  caustic  baryta,  it  decomposes  into 
irbon  dioxide  and  metadiamidobenzene.     It  decomposes  car- 
nates  an<l   fonns   salts   which   crystallize  well.      Its    dilute 
^eous    solution    is  coloured   deep    yellow    by   nitrous    acid 
x  263). 

Barium.  dtamtdiAeiizmte,  2(CflH/NHj)jC0JiBa  f  3H,0.  cry- 
sLillizes  in  yellowish  prisms,  which  are  readily  soluble  in  water. 
Like  its  isomerides,  it  alao  combines  with  acids. 
&-Diamidolienzoic     acid     hydrochloride,    CaHa(C02H)(NHj)g 
|(ClH)j,  is  readily  soluble  in  water,  but  only  slightly  in  hydro- 
^bloric  acid,  and  crystallizes  in  needles. 
\S-Diamidobemoic  arid  smlphile,   (CgHj,(CO,H)CNHj)g)SO,Hj, 
s  white  needles  or  prisms,  which  are  shghtly  soluble  in  water 
d  still  less  so  in  alcohol.' 
'  EexmHhyl-Z-diamidohensoic  acid,  or.  as  Griess  called  it,  six- 
fold methylated   diamidobeuzoic   acid,   is   not  an   acid   in   its 
properties  but  a  strongly  alkaline  ammonium  hydroxide  and,  at 
the  same  time,  a  salt,     The  iodide  is  formed  by  the  action  of 
r  methyl  io<lide  and  caustic  potash  on  a  solution  of  8-diamido- 
mic  acid   in   methyl   alcohol.      It   crystallizes  in   sis-sided 
i  or  plates,  and  when  treated   in  concentrated  aqueous 
n  with  silver  oxide  yields  the  free  base  : 

N(CHJ, 

C,H,^CO.OH    +  Ag,0  =  C,H,^C0.0  +  2AgI. 

\N(CHJ,I  \N(CH,),OH 

It  is  obtamed  on  evapomtiou  as  a  ci-ystalline  mass,  which 
■consists  of  small  plates,  is  very  hygroscopic  and  behaves  like 


caustic  potash.  Tlie  carbonate  crystallizes  from  alcohol  iu 
snuiJl  plates,  is  readily  soluble  ia  water  and  has  an  alkaliiie 
reaction.' 


i 


TRI-AMIDOBENZOIC  ACID.  CgHjCNHjj^COjH. 

Salkowski  obtained  this  compound  by  the  reduction  of 
chrysaniaic  acid  with  tin  and  hydrochloric  acid.  It  crystal- 
lizes from  boiling  water  in  fine,  lustrous  needles,  and  decom- 
poses on  heating  into  carbon  dioxide  and  triamidobenzene.  Its 
solution  has  an  acid  reaction,  and  it  ia  at  once  a  monobasic 
acid  and  a  diacid  base. 


DIAZO-DERIVATIVES  OF  BENZOIC  ACID. 


i 


2149  The  aniidobenzoic  acids  behave  in  some  respects  like 
amido-acetic  acid  and  its  liomologues.  and  in  others  like  aniline, 
since  they  can  be  easily  converted  into  diazobenzoic  acids. 
For  this  purpose,  a  magma  of  amidobenzoic  acid  and  nitric 
acid  is  well  cooled  by  ice  and  saturated  with  nitrogen  trioxide, 
the  nitrate  formed  being  then  precipitated  with  alcohol  and 
ether.  Other  salts  are  obtained  in  a  similar  manner.  Tlie 
sulphates  are  best  prepared  by  dissolving  the  nitrate  in  a  cold 
mixture  of  equal  parts  of  water  and  sulphuric  acid,  and  precipitat- 
ing in  crystals  by  the  addition  of  strong  alcohol  and  then  ether.- 
The  diazobenzoic  acids,  which,  like  the  diazophenols,  only  exist  as 
anhydrides,  are  obtained  from  these  salts  by  the  action  of  caustic 
potash.  They  also  form  double  salts,  which  Griess  looks  upou 
as  basic  salts : 


Diaioljenniic  acid. 

C«H  /  I 

\co— o 


Dis2ot)eiizoic  said  nitnitc. 
,N=N.NO, 
C.H,< 

^OO.OH. 


Dia7/ib<<tizoii:  acid  spmitiitrnle. 

,N=N.O.CO.C,H, 
^CO.OH        N=N.NO,. 

;  Briihl,  jftirf.  t 
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The  substituted  amidobeuzoic  acids,  as  well  as  their  amides, 
nitrils,  &c.,  also  form  diazo-compounda. 

Ortkodiaxobem'jic  acid  nitrate,  NOa.Nj.CgH4.COjH,  ia  readily 
soluble  in  water,  and  crystallizes  in  rhombic  or  sis-sided  tablets, 
or  prisms,  which  explode  violently  on  lieatiug.  When  it  is  re- 
peatedly dissolved  iu  water  and  precipitated  with  alcohol  and 
ether,  or  when  an  alcoholic  solution  of  anthranilic  acid  ia  treated 
with  nitrogen  trioxide,  orikodiazobeTizoic  add  scminitraie,  NOg.Ng. 
CoH,.COj.NyC(,Hj.COjH,  is  formed ;  it  crystallizes  in  long,  white 
oeedles,  and  detonates  violently  when  heated,' 

Mdadiazob^ni&ic  acid  nitrate  crystallizes  in  prisms,  which  are 
slightly  soluble  in  cold  water,*    On  adding  an  alkali  to  its  solution, 

,N  =  N 
*  precipitate  of  vietadiaxobciizoic  acid,  CgH.<f  |  ,  is  thrown 

\co— o 

dawn. 

This  forms  a  yellow  mass  which  is  very  unstable. 
Mfitadiazohenzinc  acid  sulphate,  HSOj.Nj-CaHj.COjH,  forms 
^ong,  narrow  plates,  which  are  readily  soluble  in  water.  When 
It  is  repeatedly  precipitated  from  a*^ueous  solution  by  the 
Edition  of  alcohol  and  ether,  it  becomes  converted  into  the 
basic  salt,  to  which  Griess  has  given  the  formula  5CjH,NgOp 
asO^Hj.'  According  to  Bcilstein  it  is  probably  ^iC^K^t^fi^j 
SOj  +  CjHBNgO,(OH).*     It  crystallizes  in  small  needles. 

When  the  normal  sulphate  is  heated,  it  decomposes  with  a 
violent  evolution  of  gas  and  formation  of  free  sulphuric  acid, 
Bulphoxybenzoic  acid,  and  a  very  stable  compound,  C|,H,|,SOg,* 
wliich  probably  has  the  following  constitution :  SOg(C'jHj(OH) 
COjH),. 

Mttadiazohmzoic  acid  platinichltyride,  (CjHjNjOJjPtClj,  is 
obtained  by  the  addition  of  platinum  chloride  to  a  solution  of 
tiie  nitrate  ;  it  crystallizes  in  yellow  prisms. 

Metadiazohenzoic  acid  perbromtde,  Br^N — BrN.CflHj.COjH,  is 
precipitated  as  an  oil  by  the  addition  of  a  solution  of  bromine 
in  hydrobromic  acid  to  a  solution  of  the  nitrate ;  it  soon  solidilies 
to  a  mass  of  yellow  prisms,  and  is  converted  by  ammonia  into 
diazobenzoic  acid  imide. 
JUttadiazobeiaamide  nitrate,  NOj.NyCgHj.CO.NHj,  crystallizes 
white,  explosive  needles. 

*  Oiieaa,  Jnn.  Chan.  Pharm.  oirii  88,  ciiiv.  131 ;  B'c,  DmtKh.  Chcra.  Obi. 
LieSS.  '  GriesB,  Ana.  Chem.  Phana.  eix.  120, 

*  Btr.  DaUitk.  Chem.  Ch».  ii,  16SB. 

*  Handb.  Org.  Chem.  nS9.  *  JahTob.  Chtm.  1S04,  S5\ 


MeiadiazohcTiioniiril  nitrate,  NOj.Nj.CjHj.C^N,  forma  espIosiTflhj 
needles  or  prisms  which  are  only  slightly  soluble  in  cold  water* 

Paradiazobenzoic  acid  nitrate  also  crystallizes  in  white,  explosive 
prisms.^ 

NUrvdiazohcnzoie  acid,  CaH,(NOj)^         "^0,  is  formed 

5-nitro-amidobenzoic  acid  is  brought  into  absolute  alcohol  neorly-; 
saturated  with  nitrogen  trioxide;  it  forms  ligbtyellow,  explosive, 
plates.' 

ZHaznbenzcne-amidohcTusm  acid,  CaH^.N— N.NH.C0H4.CO, 
is  obtaioeil  by  mixing  aqueous  solutions  of  diazobeuzene  nttral 
and  metamidobenzoic  acid,*  According  to  Oriess,  this  compoun 
is    identical   with    that  obtained    by    the    action    of   anilioe 
on  metadiazobeozoic  acid,  and  which  was  therefore  considered 
to  liave  the  constitution  CflHi^.NH.N=N,CBHj.COiH.     Griess. 
however,  expresses  the  constitution  of  both  compounds  by  the 
same    formula.    CflHs-N H— N H— NH.CflH..C03H    (Part   III., 
p.  269).* 

By  either  process,  a  yellow,  crystalline  subsfancc  ia  obtained, 
which  separates  &om  ether  in  small  plates,  and  is  decomposed 
by  hydrochloric  acid  with  formation  of  metamidobenzoic  acid, 
metachlorobenzoic  acid,  me tahydroxy benzoic  acid,  aniline,  phenol 
and  nitrogen.  The  acid  forms  a  yellow  solution  in  alkalis;  on 
the  addition  of  barium  chloride  to  its  ammoniacal  solution,  which 
must  not  be  too  dilute,  the  barium  salt  separates  out  in  small, 
light  yellow  crystals. 

ifc(arfiajo-amirfoiCT«ww:ni-M;.COsH.CaHj.NH.N=N.CjH,.COj^ 
is  formed  by  the  action  of  metamidobenzoic  acid  on  metadiaeo- 
benzoic  acid,"  and  therefore  as  an  intermediate  product  when 
nitrogen  trioxide  is  passed  into  an  alcoholic  solution  of  metamido- 
benzoic acid.'  It  forms  orange-yellow,  crystalline  granules,  which 
are  almost  insoluble  in  water,  alcohol,  ether,  &c.,  and  detonal 
at  180°.     It  is   soluble   in   alkalis,   and   is   reprecipitated 
acids,  even  acetic   acid.     On  boiling  with   hydrochloric   acii 
it  decomposes  with  evolution  of  nitrogen  into  metamidobenz( 
acid  and  metachlorobenzoic  acid.    It  is  a  tolerably  strong  di' 
acid  and  decomposes  carbonates. 

'  Grie«»,  Bur.  DcuImJi.  Ctvart.  Qua.  ii.  370. 

»  Jahrab.  Chem.  186*,  353. 

»  Sllkawiki.  Ann.  Cl\em.  Phana.  clxiiii.  63. 

*  Qri«Bl,  Olid,  ciixvii,  6a.  °  5Fr.  Deuitch.  Cfuvi.  Gta.yii,  1618. 

•  JtAntb.  Chan.  1861,  353.  '  Ann.  Chan.  Pharm.  civii.  1. 
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L  2'aradiazo-amidobenzoii;  acid  was  obtained  by  Beilslein  and 
Wilbrand  by  treating  a  aaturatod  alcoholic  solution  of  paramido- 
"benzoic  acid  with  a  solution  of  nitrogen  trioxide  in  alcohol.  It 
is  an  orange -yellow,  crystalline  powder,  which  is  only  slightly 
(dnble  in  boiling  alcohol.^ 

c  compounds  are  formed  from  mctadiazobenzoic  acid 
t  paramidobenzoic  acid,  and  from  paradiazobenzoJc  acid  and 
metamidobenzoic  acid  (Griess). 

2150  The  Action  of  Nitrons  Acid  on  tJie  Diamidobemoic  Acids, 
When  eodium  nitrite  is  added  to  a  neutral  solution  of  o-diamido- 
loic  acid,  which  contains  the  amido-group  in  the  para-position, 
•amidodiaxobcTKoic  acid  is  formed  : 


CbHh^ 


■NH,  /NH„ 

NH,      -i-NO,H  =  aH,— N^N  -1-  2H„0. 

\         \ 
CO— o 


\c6'6h  ' 


r  It  is  insoluble  in  ether,  slightly  soluble  in  hot  alcohol,  readily 

'a  hot  water,  and  crystallizes  in  fine  needles  or  four-sided  plates, 
which  are  brass  coloured,  have  a  very  bitter  taste,  and  detonate 
on  heating.  It  does  not  combine  with  bases,  but  forms  crystal- 
line salts  with  acids ;  it  also  combines  with  aniido-bases  and 
phenols  to  form  azo-coropfiunds." 

Nitrous  acid  acts  upon   the  two  orthodiamidobenzoic   acids 
3  and  7)  in  the  following  manner : 

/NH„  /NH\ 

C^j^NH,     +  NO.H  =  CbHj,^N  =  N-|-  2H,0. 
\COOH  "  \G0.0H 


J  diaxo-imid^ibcnzoiG  acids  obtained  in  this  manner  crystal- 
B  in  needles  and  are  powcrfid  acids,  the  barium  salts  of  which 
B  only  slightly  soluble  in  cold  water." 
rifetadiamidobenzoic  acid  corresponds  exactly  with  metadi- 
^Tnidobenzene  in  its  behaviour  towards  nitrous  acid.  In  a 
k'ery  dilute  solution  a  yellow  colouration  is  produced,  and  this 
Reaction  is  so  delicate  that  one  part  of  nitrous  acid  can 
t  detected   in  five   million  parts  of  water.     In  concentrated 


■  Grisu,  idiA  ii  iSS, 
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solutions  a  reddish-brown  piecipita,iAi  of  Iriamido-azohenzoie  add  i^ 
formed : 

2CflH,^NH3     +NO„H=CbH,^N=N-CoH,^NH2     +2Ufii 
\CO.OH  \CO.OH  \CO.OH 


This  Bubetauce  i 
acids.' 


soluble  in  alkalis,  auJ  is  reprecipitated  by 


HYDRAZINEBENZOIC  ACIDS.  CnK,< 


\C0.0H. 


I 


2151  These  compounds  are  obtained  from  the  amiilobenzoic 
aciils  by  the  methods  which  are  employed  in  the  preparation  of 
phenylhydrazine  from  aniline  (Part  III,,  p.  275). 

Orthohydrazinchemow  acid  is  slightly  soluble  Jn  alcohol  and 
ether,  and  crystallizes  from  hot  water  in  fine  needles.  It  reduces 
Fehling'a  solution  and  salts  of  silver  and  mercury  in  the  cold, 
and  combines  with  bases  and  acids.  When  it  is  gently  beat-ed 
with  concentrated  hydrochloric  acid  or  heated  rapidly  to 
220° — 230°  iu  a  stream  of  carbon  dioxide,  the  anhydride  il ' 
formed. 


,NH. 


Orthohcjizoylhydrazide;  CflH.<^         ^NH,  forms  crystals  whicli 

are  slightly  soluble  in  alcohol,  ether,  aud  hot  water,  have  an  acid 
reaction,  and  are  readily  dissolved  by  alkalis.  It  does  not  com- 
bine with  acids,  and  does  not  reduce  salts  of  mercury  or  Fehling's 
solution,  but  causes  a  precipitation  of  silver  from  an  ammoniacal 
solution.^ 

MetahydTozintbenzoic  acid  is  insoluble  in  ether,  slightly  soluble 
in  alcohol  and  hot  water,  and  crystallizes  in  small,  yellowish 
plates,  which  melt  with  decomposition  at  186°.  It  has 
reaction,  combines  with  acids  and  hoses,  aud  reduces  I 
solution.  Nitrous  acid  converts  it  into  the  imide  0/  metadi 
beTKoic  acid 


I 


C,H,i 


,CO,H 

\nh-n 


+  NO,H-C,Hj^ 


.CO,H 


\n- 


+  H,0. 


'  Voit.  Jnn,   Clu^m.  Fharm.  xcu.  100  ;  Grieas,  iUd.  cliv.  S34 ;  E«t.  J 
Chtin.  Oea.  ivii.  606. 
'  Fischer.  Bsr.  DntLvh.  Chem.  {?m.  niii.  679. 


AZO-DERITATIVES  OF  BENZOIC  ACID. 

This  is  a  monobasic  acid,  which  is  scarcely  soluble  in  cold, 
slightly  in  hot  water,  and  readily  in  alcohol ;  it  crystalli2e8  in  thin 
plates,  melting  at  160°,  Metahydrazine benzoic  acid  is  decom- 
posed in  presence  of  diazobeuzene  nitrate  with  formation  of 
diazobenzoic  acid  imide,  metamidobenzoic  acid, -diazobenzene- 
imide  and  aniline.^ 


AZO-DERIVATIVES  OF  BENZOIC  ACID. 

215a  These  are  formed,  like  other  azo-compoimda,  by  the 
reduction  of  tlie  corresponding  nitro-derivatives,  the  following 
substances  being  obtained : 


Aloxjbenzoic  ocida.  Azobenzolc  nciili.  HydrazobtrTizok  acids, 

/N.C,H,.CO^        N.C,H,.CO,H        HN.C,H,.CO,H 
l,CO^        N.C,H,.CO,H        HN.C,H,.CO,H. 


^N.CsH.C 


Ortko-azonrybcmoic  acid.  Griess  prepared  this  body  by  heating 
equal  parts  of  orthonitrobenzoic  acid  and  caustic  potash  with 
alcohol.*  It  may  also  be  obtained,  together  with  orthonitro- 
totuene,by  boiling  orthouitrobenzyl  alcohol  with  caustic  potash.' 
It  is  only  slightly  soluble  in  water,  and  crystalhzea  from  hot 
alcohol  in  small,  white,  rhombic  prisms,  which  decompose  on 
ftision.  The  barium  salt  is  readily  soluble  in  water  and  forms 
pointed  crystals. 

Orlfw-asolKmoic  aeid  is  formed  by  the  action  of  sodium 
amalgam  on  a  solution  of  sodium  orthonitrobenzoate.  It  is 
almost  insoluble  in  water  and  crystallizes  from  hot  alcohol 
in  fine,  dark-yellow  needles,  which  melt  at  237°  with  partial 
decomposition.  Its  yellow  barium  salt  crystallizes  with  seven 
molecules  of  water  in  prisms,  or  with  nine  molecules  in 
ceedles.* 

(h-lkohydrazohenzoic  acid  is  obtained  by  treating  a  concentrated 
alkaline  solution  of  azoxybenzoic  acid  with  sodium  amalgam.' 
It  crystallizes  from   alcohol   in   colourless,  elliptical   plates  or 

'  OHes^  jinn.  Chem.  Fkana.  ix.  1657  ;  Fisohor,  ibid.  ivi.  1336. 

'  Ibid,  vil  IBII. 

'  Jttffe,  Hoppt-Seyltr'a  ZcUnctiT.  ii.  57. 

*  GricM,  htr.  JJculsch.  Chem.  Get.  x.  ISflS, 

•  Qriea^  ibid,  vil  1612. 


3m  sanMj^m:  compixtsbs. 

^ucsDaKome   jrr?m».   nui  3  sbskSj  axofiaed  to  the   preceding 

JLuizz^jrtrtTS3}H'    aui  .s  TianiTtftfe  ul  wa£ez;  digbtly  soluble  in 
jiCSLiiiiiL  imi  fnitf .  imt  iums  maanmea^  needles  or  {dates.    Its 

^mzi/^^izLiv  ic*4i  -was  iac  piKjp^reti  hj  Xeobouier  by  the 
.rr?iKirTt.n  if  mtfTiainiiiiibeiiaaH:  aimi  wish,  pocaia^axn  perman- 
iKUUin:^.  iiir  -vns^  oitr  nu'*ii»fr  iav^escsgia&eiL^  R^Istem  and  WU- 
anmi  'men  iiimii  -inu:  ul  M3ii  i»  &rai£ti  hr  die  action  of  zinc 
•m  in.  ukuone  ^>Liinun  if  iie^asaissnbisaaaa^  >cii^  which,  according 
JXi  zns  ':^}mmfsxst}ju  Jsst  CKirv^e^L  ofsro-  and  amido-benzoic  acids.' 
Strrsck^fn  'nu  pr^paKti  ic  &y  meaBS  of  sodimn  amalgam, 
namett  x  xsub^naiiir  jciiL^  Is  s  aim  fecmed  br  the  action  of 
zmc  iiL  Mnmoninm.  me^suihapibiaasmiai^^  AiUs  separate  it  from 
its  silts  i»  X  Ii:£tL6-ji£[Iuw-.  Tcacni  pceesqpitate*  which  becomes 
p7%nniiir  writfiL  leo&gii  wish  akuhoT^  aod  k  ontr  slightly  soluble 
in.  wac^.  alizofujL  ;imi  ^chiSE.  tealmosc  iftsohible  barium  salt 
cry^tavITrn^  in  minrpjecopn:.  chtmimr  plaees  ctmaining  five  mole- 
CTxLes  ♦>£  wTis^: 

On  .iLjcLianifjn  widi  Iime»  az£)f»hiaLTlienie.  Cj^H^Xj.  is  formed, 
while  bs  o^-^ipsT  sah  Tie&&  xsybefUBcn^  oo  dir  distillatioD.* 

M-^.tihjHirmzar^nLzsyL'  ficui  was  obcained  by  Strecker  by  adding 
ferrooa  snlphaue  and  then  hj^iDTcfalorie  acid  to  an  alkaline 
sc4riti*>n  of  the  azi>-aeid.  It  is  also  formed  bv  the  continued 
action  of  3«>iiam  am.ilg:im  aztd  other  reducing  agents.  It  is 
amorphous,  in5«>lable  in  water,  acd  only  slightly  soluble  in 
3k\f:ff\inL  It  is  reaiiily  oxidized  in  alkaline  solution  to  the 
pffjrc^ling  compound  an*i.  like  hydrazobenxene,  undergoes  an 
int^TTnolecular  change  (Part  III.,  p.  295\  when  it  is  boiled 
Mith  concentrated  hydrochloric  acid,  diamidodiphenic  acid, 
C„H^0sH2}/C0.H)^  being  formed' 

J'arazof.tnzfAC  acid  is  almost  insoluble  in  alcohol,  water  and 
rHthcr,  and  forms  a  yellow  or  reddish  precipitate,  which  becomes 
l^raniilar  on  Ixiiling  and  melts  at  about  240^*  The  barium  salt 
JM  a  flf!Hh-coloured  precipitate ;  azophenylene  is  formed  when 
thij  rialcium  salt  is  distilled  (Claus). 

J'arahydrfaohcnzoic  acid  is  insoluble  in  water  and  crystallizes 

•  (Irii'M,  Juhrrjfhrr.  1864,  352.  '  Ann.  Chan.  Pharm.  cvL  70. 
»  A///  cxxviii.  2«7.  *  Ibid,  cxxix.  129. 

•  Hnkolow,  Jmim.  Prakt,  Chem.  xciii.  425 ;  Liebcrt,  ilnd.  xciii  429. 

•  (!lim«i,  Jirr.  DmUaeh.  Ch&m.  Gf*.  viii.  41. 

^  (IriftM,  ihiil.  vii.  1609  ;  Bchultz,  Ar^n  Chem.  Pharm.  cxcri.  18. 

•  Ili'li'lii'iibwii  and  BciUtciii,  Ann.  Chem.  Pharm.  cxxix.  144 ;  BUfinger,  ibid, 
cxxxv.  104, 


DIAZOXYBENZOIC  ACID. 


from  alcohol  in  needles;   its  alkaliue  sohttion  absorbs  oxygen 
vitb  formation  of  the  azo-acid. 
/N 
IHazoa^ienztnc    acid,    Of     |    pCaH,.CO„H.     \Vlieii   S-dinitro- 

oenzoic  acid  is  dissolved  in  caustic  soda  and  treated  with  sodium 
amaigam,  the  liquid  becomes  coloured  black  but  remains  perfectly 
ciesir,  appearing  brown  when  diluted.  Acids  added  to  this  solu- 
tion precipitate  diazoxy  ben  zoic  acid  as  an  amorphous,,  black 
poxder,  which  is  insoluble  in  water,  alcohol,  elher,  &c,,  and 
((^tonatea  feebly  on  heating.  The  alkaU  salts  firm  black  aolu- 
ti<=*:m8  in  water ;  the  salts  of  other  metals  are  black  precipitates, 
"^^liebarium  salt,  when  dried  at  70°,  becomes  so  strongly  electrified 
tt».E»t  the  particles  continue  in  motion  for  hours;  it  loses  this 
P*"«3perty  at  a  higher  tempera tiire.  Tin  and  hydrochloric  acid 
r^x3uce  the  acid  to  S-diamidoheuzoic  acid. 

-Isodiazoxyhetizoic  acitl  is  obtained  from  y8-dinitrohenzoic  acid 
*"^*«i  resembles  the  preceding  compound,  but  is  not  attacked  by 
**^  **  and  hydrochloric  acid.' 

-AxonUromdhanebemoie  acid,  NOj.CHjNrrNCjHj.COjH,  is 
*"'^*'tned  when  an  aqueous  solution  of  pure  metadiazobenzoic 
**^id  nitrate  is  mixed  with  a  dilute  solution  of  nitrometbane 
ir*-  caustic  potash,  and  the  whole  treated  with  an  excess  of 
"■i^drochloric  acid  after  standing  for  some  time.  It  is  readily 
soluble  in  hot  alcohol  and  ether,  slightly  in  boiling  water, 
fct»<i  crystallizes  in  stellate  groups  of  yellowish-red  plates, 
w*-luch  are  ahnost  tasteless  and  detonate  on  heating.  Silver 
tt»trate  added  to  its  ammouiat^al  solution  produces  a  deep  red 
precipitate.* 

N.C^Hj.CO.H 

Azo-acclo-acdic  hnuoir  aci/f,  \\  ,  is  obtained 

N.CHCCO.CHJCO.H 

"y  the  action  of  metadiazobenzoic  acid  sulphate  on  aceto-acetic 

ether,  the  method  described  for  the  preparation  of  the  preceding 

*^'*inpound  bt'ing  followed.     It  is  thrown  down  by  hydrochloric 

^^id    as    a   light  yellow  precipitate   consisting   of  microscopic 

^pIiGres,  and  is  insoluble  in  boiling  water,  crystallizing  from  hot 

alcohol  in  narrow  plates  or  small  needles,  which  have  a  bitter 

^^t«.     On  careful  heating  it  fuses  to  an  oil,  which  solidifies  on 

Pooling  to  a  wany  mass,  but  at  a  higher  temperature  it  detonates 

'   Mcj-cr  Biid  MiVhler,   Ann.   Chcm.  Fharm.  drxv.  lES  ;  Bcr.  DeiUKJt.  Chan,. 
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feebly,  a  large  quantity  of  carbon  aeparatmg  out.    Its  mbm  aii 
is  a  light  yellow,  amorphous  precipitate. 

NC.H^CO,H 

AzoTfudanic-leTizaic  acid,   \  I  .    GriesB  obtained  this 

NCH(CO^, 
compound  in  a  similar  manner  firom  malonic  eth^.  Hydrodiloric 
acid  separates  it  firom  the  product  as  an  amorphous,  fi»y  ydlowidi 
red  precipitate,  which  crystallizes  firom  hot  akxdiol  in  micnsoopic 
plates.     On  heating  it  firoths  np  and  chars. 


.80^ 
MONOSULPHOBENZOIC  ACIDS,  C.H.<: 

M300H. 

2x53  OrihoBulphobemoie  cieid  is  filmed,  together  with  cxtho- 
sulphamidobenzoic  acid,  when  orthotolnenesolphamide  is  oxidized 
with  potassium  permanganate.  On  the  addition  of  hydrochknc 
acid  to  the  filtrate,  the  anhydride  of  the  sulphamide  separates 
out,  while  acid  potassium  orthosulphobenzoate  remains  in  solu- 
tion aud  is  deposited  in  large  monoclinic  tablets.^ 

It  may  also  be  obtained  by  heating  the  diazo-compound  of 
anthranilic  acid  with  an  alcoholic  solution  of  sulphur  dioxide.^ 

It  crystallizes  firom  water  in  large,  monoclinic  tablets,  which  do 
not  deliquesce  in  the  air  and  melt  at  240''  with  decomposition 
On  fusion  with  caustic  potash  salicylic  acid  is  formed.' 

Acid  barium  orthosulphchenzoaU,  (CyH^SOj^^Ba  +  2HjO, 
crystallizes  in  needles,  and  is  less  soluble  in  water  than  ^e 
normal  salt. 

Orthosulphamidobenzoic  acid  is  not  knoMoi  in  the  free  state,  as 
when  it  is  liberated  from  its  salts  by  the  addition  of  an  acid  it  is 
immediately  converted  into  the  anhydride : 

.SO^-NH,  gQ 

CeH,  =   CeHZ        >NH  +  H,0. 

\C0.0H  ^CO/  . 

This  body  is  slightly  soluble  in  cold,  more  readily  in  hot  water 
and  alcohol,  and  forms  crystals  which  melt  at   220''  and  are 

^  Remsen,   Ann,  Chem,  Fharm,  clxxviii.  293;  Fahlberg  and  Remaen,  Ber. 
DetUseh,  Chem.  Oes.  xii.  471. 
'  WieaJnger,  ibid,  xU.  1849.  >  Botting^r,  ibid.  viii.  874. 


sweeter  than  sugar.  The  salts,  which  are  readily  soluble  in 
water,  have  aUo  a  sweet  taste.  When  the  anhydride,  which  is 
called  henzoyliulphiviide,  is  heated    to    150°    with    hydrochloric 

^sdd,  it  is  converted  into  orthosulphobenzoic  acid.     It  is  not 

■Attacked  by  phosphorus  peotachloriile. 

^  According  to  Fahlberg  and  List  ^  it  is  a  powerful  antiseptic, 
and.  since  a  very  dilute  solution  of  it  is  oa  sweet  as  a  concen- 
trated solution  of  cane  sugar,  they  behove  that  it  may  find  an 
estendeii  application.  It  could  thus  be  used  as  a  sweetening 
agent  in  the  diet  of  patients  suffering  from  diabetes  and  in 
many  other  cases  as  a  cheap  substitute  for  sugar.  They  propose 
for  it  the  unsuitable  name  of  saccharin,  which  has  also  been 
given  (Part  II.,  p.  547J  to  the  lactone  of  saccharic  acid. 

2154  Mitasulphdiciizoic  acid.  In  ISSi  Mitscherhch  found 
that  benzoic  acid  combines  with  anhydrous  sulphuric  acid,  SOg. 
to  form  an  acid  which  can  be  heated  to  above  150°,  and  boiled 
with  water  without  decomposition.  Its  barium  salt  can  also  be 
boiled  with  caustic  potash  without  losing  sulphuric  acid.     He 

k     «ay8,  "  I  propose  to  name  it  provisionally  bcnzoylsulphuric  acid, 

Innce  the  complexity  of  its  composition  necessitates  a  name 
Irhich  gives  a  clue  to  its  constitution  without  indicating  it 
&Uy."' 
Fehling,  who  investigated  its  salts  more  closely,  observed  that 
Irhen  heated  with  an  excess  of  caustic  potash  until  complete 
decomposition  has  taken  place,  it  yields  a  residue  containing 
toth  sulphite  and  sulphate  of  potassium,  a  behaviour  which 
ie  characteristic  of  the  salts  of  hyposulphuric  acid.  "  This  acid, 
therefore,  contains  hyposulphuric  and  not  sulphuric  acid,"  and  he 
therefore  called  it  benzoyl  hyposulphuric  acid.^ 

It  was  then  investigated  with  great  care  by  Limpricht  and 
V.  Ualar,  who  recognised  it  as  a  sulphonic  acid.* 

It  is  also  formed  by  the  action  of  sulphuric  acid  on  hcnzonitril ' 
ind  benzoyl  chloride,"  as  well  as  by  heating  the  latter  with  silver 
sulphate ;  ^  and  by  treating  metadiazo-amidohenzoic  acid  with 
811  alcoholic  solution  of  sulphur  dioxide.* 

'  Joam.  Sne.  Chem.  hid.  ir.  608  ;  Bcr.  DmUch,  Clum.  Oo.  ml  lUf.  87*. 
'  ^tin,  Chum.  Pharm.  lii.  3U. 
*  im.  »ivii.  322. 
'  Prid.  cii.  289;  cvi.  27. 
'  Buckhiii  and  KofVnanD.  Hid.  c.  156. 
'  Op^heiiu,  Bar.  DeaUtk.  Chfm.  Oai.  iii.  73S. 

'  Carina  and  K>itninerer,  Ann.  Chcm.  Pluirnt,  ciiii.  15G  ;  Adorsnil  Oppi^iiheim, 
Bir.  DmUch.  Chrm.  Oa.  ui.  738  ;  Kimmerer,  ibid.  iv.  21S. 
'  7oUbrci;litjuid  WiemagBr,  ibid.  x.  715. 


270  AROMATIC  COMPOUNDS. 


la  ijnier  to  prepare  metasaI{jiobeiizoic  add,  the  vapour  of 
sulphur  trioxide  is  paased  over  benzoic  acid,  which  has  been 
previoosly  fii:3ed  and  powdered,  until  a  transparent  mass  is 
6>rmed ;  or  two  parts  of  b«:izoic  acid  are  heated  with  one  part 
of  fdmmg  sulphuric  add  for  some  time.  The  product  lien 
contains  some  parasuIphobenzcMC  acid  in  addition  to  metasulpho- 
benzoic  acid  and  firee  sulphuric  acid.^  It  is  diluted  with  water, 
neutralized  with  barium  carbonate  and  filtered,  the  filtrate  being 
then  heated  and  treated  with  hydrochloric  acid.  The  acid  salt 
of  the  parasicid  crystallizes  oat  first  on  cooling,  and  then  that  of 
the  meta-acid.  which  is  purified  by  recrystallization.  The  product 
of  the  reaction  may  also  be  sktuiated  with  milk  of  hme,  the 
filtrate  treats  i  with  potassium  carbcMiate,  and  the  potassium  salt 
which  is  thus  obtained,  recrystallized.*  Metasulphobenzoic  agid  is 
a  colourless,  crystalline  masSy  which  deliquesces  in  moist  air,  but 
sohdifies  again  in  dry  air.  It  is  not  altered  bj  boiling  nitric 
acid.  On  fusion  with  potash,  metahydroxybenzoic  acid  is  formed 
(Barth),  while  with  sodium  f<»rmate  it  yields  isophthaUc  acid 
(v.  Meyer). 

The  MttcisuIpkobenziXjUi^  Metasulphobenzoic  acid  is  a  power- 
ful dibasic  acid,  which  decomposes  even  barium  chloride  and 
barium  nitrate.  Its  normal  salts  are  usually  readily  soluble, 
while  the  acid  salts  dissolve  much  less  easily. 

Normal  potassium  metasniphobenzoate,  C^H^SOgKg,  forms  de- 
liquescent crystals ;  the  acid  salt,  C7H5SO5K,  crystallizes  in  long 
needles,  which  contain  two  and  half  or  five  molecules  of  water 
and  are  readily  soluble  in  water  and  alcohol^ 

Normal  barium  metasulphobenzoate,  C^H^SO^Ba  +  SHgO,  is 
very  soluble,  and  can  with  difficulty  be  obtained  in  well- 
developed  crystals ;  it  is  usually  deposited  in  crusts.  The  acid 
salt,  (C7H5S05)2Ba+3H30,  dissolves  in  20  parts  of  cold  water, 
readily  in  hot  water  and  alcohol,  and  crystsdlizes  in  monoclinic 
prisms. 

Normal  lead  vuiasulphchenzoaie,  CyH^SO^Pb  4-  SHgO,  is  much 
more  readily  soluble  in  hot  water  than  in  cold,  and  forms  fine, 
radiating  crystals,  resembling  those  of  wavellite. 

^^ilvrr  metamlphoheTizoaie,  CyH^SO^Ag^  +  HgO,  crystallizes  in 
yellow  prisms  which  readily  dissolve. 

Normal  ethyl  metasulphohenzoate,  C7H^S05(C2H5)j,  is  prepared 
from  the  chloride  of  the  acid  and  absolute  alcohol,  and  forms  a 

'  s4nn.  Chan.  Phann,  clxxviii.  275. 

•  Harlh,  ibid,  cxlviii.  33.  »  Otto»  ibid,  cxxii.  155. 
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thick  liquid  which  has  a  faiut  ethereal  odour,  aud  decomposes  on 
beating.  It  is  soluble  in  water,  and  its  solution  decomposes 
when  heated  into  alcohol  and  tlie  acid. 

^cid  ethyl  mclasu/ji/iohemoate  or  Hihyl  melasutpkoicjisoic  acid, 
CiHsSOs-CgHj.  The  ammouium  salt  of  this  acid,  CjH^SOj 
(NHJ.CjH^,  is  obtained  by  passing  ammonia  into  an  alcoholic 
solution  of  the  normal  ether  or  by  the  action  of  alcoholic 
ammonia  on  the  chloride.  It  crystallizes  in  large,  four-sided, 
transparent  tablets.  If  the  ammonia  be  precipitated  with 
platinum  chloride,  and  the  excess  of  platinum  removed  by 
sulphuretted  hydrogen,  &  solution  of  the  free  acid  is  obtained ; 
its  salts  crystallize  well  and  are  readily  soluble.  Its  constitution 
lis  probably  represented  by  the  former  of  the  two  following 
muhs: 

,SO.H  .SOg-CjE, 

C,H,<  C,H,< 

ifetasulphobmzot/l  Mcrirh,  G,HjSOjCl^,  is  obtained  by  heating 
i  dry  acid  with  phosphorus  pentachloride;  the  phosphorus 
^chloride  is  then  distilled  oif  and  the  residue  washed  with 
water.  It  is  a  thick,  oily  liquid,  which  has  a  faint  but  unpleasant 
odour,  and  decomposes  on  distillation  into  sulphur  dioxide  and 
metachlorobeazoyl  chloride.  The  latter  is  also  formed  when  the 
compound  is  heated  tol+0° — 150°  with  phosphorus  pentachloride. 
When  it  is  allowed  to  stand  for  some  time  in  contact  with  water 
or  when  the  acid  is  acted  upon  by  one  molecule  of  phosphorus 
pentachloride,  the  monochloridc  is  formed : 

/SO„.OH  .SO„Cl 

C,H/  or     (\\l/      ' 

^COCl  \CO.OH 

This  separates  frara  ether  in  warty  masses,  and  is  decomposed 
L«^  boiling  water,  &C.,  with  formation  of  metasulphobenzoic 
I  acid. 

Metasu?phcl»--maiiiide,  CjH^SOgfNHj^,  is  formed  by  the  action 
*  concentrated  aqueous  ammonia  on  the  chloride.  It  is  ahnost 
soluble  in  cold  water  and  crystallizes  from  hot  water  or  ordinary 
io\  in  needles  cnntaining  a  molecule  of  water,  while  it 
Urates  from   absolute  alcohol   in    small,  vitreous,    anhydrous 


When  it  is  heated  with  phosphorus  pentachloride  the  following  -y^ 
reaction  takes  place :  ,|^ 

C.H.<  +  PCL  =  C,H,<  +  POCI.  +  HCL     _C 

X!O.NHj  ^CClrrNH 

The  imido-chlonde  which  is  thus  formed  has  not  been  obtained  .Csust 

pure;'  it  decomposes  on  distillation  with   formation  of  meta .^si. 

chlorobenzonitril,  while  ammonia  or  water  converts  it  into«r»i.^9h 
^IphamidobemonUril,  CN.CgH^.SOj.NHj,  which  separates  £rom«=«^Mm 
alcohol  in  crystals,  melting  at  152° — 153°. 

Metasutphamidobenzoic  add,  CjHjNSO^,  is  formed  when  th^».x^c 
□itiil  or  amide  is  heated  with  caustic  potash  solution : 


.SO,.NH, 


CflH  /      ■       *     +  KOH  =  C.H,<  +  NH^ 

^CO.NHj  ^CO.OK 


J 


It  is  slightly  soluble  in  cold  water,  and  crystallizes  from  t 
hot  solution  in  scales  resembling  those  of  potassium  chlorate 
and  melting  above  200°.      It  is  a  monobasic  acid,  and  fonne-«:*^*'i 
crystallizable  salts. 

Slhyl  meiastUphxtmidobenzoate,  CjHb(C,Hj)NSOj.  is  obtidncc**^^*'*^ 
by  heating  tlie  silver  salt  with  ethyl  iodide,  or  by  passing  liydro-*u'"'>- 
chloric  acid  into  an  alcohohc  solution  of  the  acid.     It  is  alst^^^*" 
formed  when  ammonia  is  passed  into  a  solution  of  sulphobeuzoy"^^''^ 
chloride  in  a  mixture  of  alcohol  and  ether.     It  crystallizes  from*    >> 
alcohol  iu  monoclinic  prisms." 

,SH 

Metaikiuhydi'obemoK   acid,   C.H,;;  ,  is  prepared  by  th^^^B 

action  of  tin  and  hydrochloric  acid  on  metasulphobenzoyi  chloride—  ^^ 
It  is  tolerably  soluble  in  water,  more  readily  in  alcohol,  aiK^- 
sublimes,  when  heated  iu  a  current  of  carbon  dioxide,  in  flat 
needles,  melting  at  146° — 147°.  It  oxidizes  when  exposed  to  tho 
air  in  a  moist  state,  or  more  rapidly  when  acted  upon  by  bromino 
water,  to  m-etadithiobenzoic  acid-,  Sj(CgHj.GOgH)j,  which  is  scarcely 
soluble  in  water,  and  only  slightly  in  alcohol,  crystallizing  from 
the  latter  iu  short  needles  which  melt  at  246° — 247°.' 

'  Hulh  iind  Wallaoh,  Ber.  Deulsck.  Chim.  Qia.  b 

'  Hart,  Amer.  Chtnn.  Joum.  i.  312, 

'  FrehrichB,  Brr.  Vcaitch.  Chtm.  Oca.  vii.  782. 
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ai55  Parasulphobenzoic  acid  is  obtained  by  the  oxidation  of 
poratoluenesulphonic  acid ;  it  is  not  necessary  to  employ  pure 
material  for  its  preparation,  and  the  mixture  of  the  three  isomeric 
acids  which  is  obtained  by  dissolving  toluene  in  sulphuric  acid 
may  be  conveniently  made  use  of.  The  para-compound  is  the 
chief  constituent  of  the  mixture,  and,  together  with  the  meta- 
acid,  is  readily  oxidized,  while  the  ortho-acid  remains  unaltered 
(Remsen). 

One  hundred  grammes  of  toluene  are  dissolved  in  the  smallest 
possible  quantity  of  fuming  sulphuric  acid,  the  solution  made  up 
to  five  litres  with  water,  and  heated  imtil  it  becomes  colourless. 
Hydrochloric  acid  and  barium  chloride  are  then  added  to  the 
filtrate  and  the  precipitated  acid  barium  salt  purified  by  re- 
crystallization  ;  200  grammes  of  it  are  obtained  in  this  way.^ 

It  is  also  formed  by  the  action  of  alcoholic  sulphurous  acid  on 
paradiazobenzoic  acid  (Vollbrecht  and  Wiesinger). 

Parasulphobenzoic  acid  is  readily  soluble  in  water,  and 
crystallizes  in  needles,  which  are  not  deliquescent  and  melt 
with  decomposition  at  about  200°.  On  fusion  with  caustic 
potash,  parahydroxybenzoic  acid  is  formed,  while  with  potas- 
sitim  formate  it  yields  terephthalic  acid. 

The  potassium  salt  forms  transparent  needles  which  easily 
dissolve. 

Normal  barium  parasiclphobenzoate,  CyH^SO^Ba -h  2H2O, 
cirystallizes  in  small,  tolerably  soluble  needles.  The  acid  salt, 
CC7H5S05)2Ba  +  ^HgO,  is  slightly  soluble  in  hot  water,  and 
forms  long,  flat,  lustrous  needles. 

.SO2.NH2 
ParasulpJuimidobenzoic  acid,  CflH.^  ,    is  formed  by 

\CO.OH 

tti€  oxidation   of    paratoluenesulphamide    with    chromic   acid 
solution.     It  is  almost  insoluble  in  cold,  slightly  soluble  in  hot 
water,  and  readily  in  alcohol,  crystallizing  in  long,  flat,  lustrous 
prisms. 

*  Hart,  loc.  cit. 
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BESZAHSENIC  ACIDS. 


[  Dimethylphosphim-oxide  licnzoic  acid,  CgH,.PO(CHj)j,C0jH.  is 
Vnied  by  tlio  oxidation  of  dime  thy  Itolylphosphine  oside,  and 
ryatallizea  in  prisms  which  have  a  feebly  acid  taste,  melt  at 
(43°.  sublime  almost  without  decompositiou,  and  are  not  easily 
Kked  by  causlic  potash  solution.' 


BENZARSENIC   ACIDS. 

ai6o  Bensanvnic  acid.,  CgHj(As05Hj)C0gH,  is  obtained  by 
t  oxidizing  paratolylarsettic  acid  in  alkaline  aulution.  It  is  only 
■flUghtly  soluble  in  water,  and  cryatallizea  in  large,  transpareut 
T  tablets  or  nacreous  plates.  On  beating  the  anhydride.  aTseno- 
■  Itmoie  add,  CgHj(AsOj)C02H,  is  formed ;  this  compound,  which 
.  eorresponds  to  paranitrobeuzoic  acid,  ia  a  yellowish  powder, 
.  toluble  in  hot  alcohol. 

'  Acid  potassium  benxarsenate,  CjHj(As0gHg)C0jK+C5H, 
'►  (AsOjHjlCOjH,  crystallizes  from  hot  water  in  transparent, 
I  faaclioic  tablets. 

,AsO(OH)0^ 

Acid    catciuvi     henzarsenate,    C„H.<^  _>Ca+IIjO. 

^CO- — -o/ 

'S>nna  nacreous  plates,  slightly  soluble  in  water. 

Silver  hemarsenate,  CgH/AaOgAgJCO^Ag,  is  an  amorphous 
precipitate,  which  yields  the  crystalline  methyl  ether  on  heating 
>*ntb  methyl  iodide. 

BtmaTseiu  chloride,  CaH4(AaCl2)C02H,  is  obtained  by  the 
*«:tion  of  phosphorus  trichloride  on  the  acid ; 


CcH/As03Hj)C0jH  +  2Pa3  = 
CBH,(AsCyCOCI  +  POCls  +  PCOH),. 


t 

^H     The  product  of  the  reaction  is  carefully  treated  with  water, 
^BMid  yields  the  chloride,  crystallizing  in  needles,  which  melt  at 
^-aT — 158°,  and  are  decomposed  by  bcjiling  water. 

Bfmuirscne  iodide,  CeHj(Asl2)C02H,  is  formed  by  the  action  of 
ojdriodic  acid  and  phosphorus  on  the  ivcid,  and  crystallizes  from 
L.^Uoroform  in  yellow  needles,  molting  at  153°. 

Betuarstniom  acid,  CoHjAa(OH)^CO,H,  is  prepared  by  dis- 
ag  the  iodide  in  carbonate  of  soda  and  precipitating  witli 
ochloric  acid ;  it  is  thrown  down  in  crystals,  and  crystallizes 
'  MicbseJis  and  Ciimatin,  Ber.  DcmIkK.  Chem,  Oa.  xv.  101%. 
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7'^*^^^/ '•>»'<:    1*-*/^    Hj  *JL?'r.H_.'jZ*»Sy  3  ixmed  when 
•rrv.i  '\itjru.ru^  ^    iiniizfcti ;  x  s  iiiitELjLT  «iiiiiiie  fi  w^Ksa-  and 

/Vy/v«i, '//>*,    ^,fr}',*'Tiza,np.vjTU.  Aj<  J"  C.jH^.OjJC  ^  separ&ces  from 

Ai/Ar»<',i    .r*    ^T7^*-iIIinK    '^^isa.    Traiii    are    reaiilT    sohiUe  in 

u  /fl^/f^'iir*^:/!  \/f  U\f',  r^ni'ifrTKitt  of  tribenakTsenio  aci^i  with  hydriodic 
ff/^J  ;»ri/l  ffiif/tff^iovui ;  in  r.Ty*taIiizesfr«>ni  ether. in  aaiall, colourless 

/Mf/f/.m  //r«^y/>:/rt/-<rw/>!z/<,  As'C^H^  CO^Na^j  +  2H*0,  crystallizes 
fr//rr»    h/it.   wtiU'.r  in  nhort,  fine  needles.     The  slver  salt  is  a 

'  I A  rVmU-,  /Inn.  Cf*em.  Pfi/trm.  ccriiL  1. 


HYDROXYBENZYL  GROUP. 
,0H 

HYDROXYBENZYL    AlCOHOLS,    C.H.;f 

^CHjOH. 

2161  Orthohydroxyhemyl  alcohol.  Piria,  in  1845,  found  that 
salicin.  which  is  contained  in  willow  bark,  is  split  up  by 
the  action  of  dilute  acids  or  of  emulsin  (p.  130)  into 
gmpe  sugar  and  a  new  compound  which  be  therefore  named 
taligcnin :  • 

CyH^aOj  +  HjO  =  CbHijOo  +  CjHPj. 

This  subatance,  which  was  subsequently  also  called  salicyl 
alcohol,  because  it  was  found  to  aUind  to  salicylic  acid  in  the 
same  relation  as  benzyl  alcohol  to  benzoic  acid,  was  obtained  by 
Beilstein  and  Heineke  by  the  action  of  sodium  amalgam  and 
water  on  salicyl  aldehyde,'  and  Greene  found  that  it  is  also 
fonned  when  phenol  is  heated  with  methylene  chloride  and 
caustic  soda  solution ; ' 

.OH 
C,H..ONa  +  CH,CL  +  NaOH=C.H.<  +2Naa. 

\CHj.OH 

t  The  decomposition  of  salicin  by  dilute  acids  cannot  be 
inplt^ed  for  its  preparation,  since  a  portion  of  the  alcohol  is 
everted  into  saliretin  (p.  280),  and  the  following  method, 
ivised  by  Piria,  is  therefore  made  use  of.  Fifty  parts  of  salicin 
e  brought  into  200  parts  of  water,  and  3  piuts  of  emulsin  added, 
this  substance  being  obtained  by  macerating  pressed  almonds  with 
3  partfl  of  water  for  two  hours,  and  precipitating  the  solution  with 
alcohol.     After  twelve  hours  the  greater  portion  of  the  saliceuiii 


'  Arm.  Chan.  Pharm.  Iri  37. 
'  BBllBtpin  and  Reinekc,  ibid,  c 
'  Aiaer.  Clum.  Jount.  ii.  18. 
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solution  with  ether.     The  crude  product  is  then  re-crystallized 
from  hot  benzene.^ 

Orthohydroxybenzyl  alcohol  dissolves  in  15  parts  of  water  at 
22^,  and  in  almost  all  proportions  in  boiling  water,  readily  in 
alcohol  and  ether.  It  crystallizes  in  smaU  rhombohedra,  or  tablets, 
which  melt  at  82""  and  sublime  at  100^  It  forms  a  bluish  red 
solution  in  sulphuric  acid,  and  its  aqueous  solution  is  coloured 
deep  blue  by  ferric  chloride. 

Saliretin,  C^^^^fi^  =  CeH^(OH)CH20.C«H^.CHjOH.  Bracon- 
not  found  that  concentrated  sulphuric  acid  converts  salicin  into 
a  resinous  substance,  and  Piria,  who  observed  that  dilute  acids 
have  the  same  eflfect,  gave  the  product  its  name,  which  is 
intended  to  suggest  both  its  nature  and  source.* 

Saliretin  is  formed  from  salicin  by  elimination  of  the  elements 
of  water ;  in  order  to  prepare  it,  salicin  is  heated  to  80''  with 
10  parts  of  fuming  hydrochloric  acid,  the  product  precipitated  by 
water,  dissolved  in  dilute  alcohol  and  again  precipitated  by  a 
solutiim  of  salt.* 

It  is  a  yellowish  powder,  which  dissolves  in  alkalis  and  does 
not  yield  either  salicylaldehyde  or  salicylic  acid  on  oxidation. 
Concentrated  nitric  acid  converts  it  into  picric  acid. 

The  saliretin  obtained  by  the  action  of  concentrated  sulphuric 
acid  has  the  formula  CggH^Os,*  while  a  compound,  Cg^Hg^Og,  i^ 
formed  by  heating  saligenin  with  acetic  anhydride  (Beilstein  and 
Seelheim). 

Salirdon,  C^J^i^O^y  is  formed  in  small  quantity,  together  with 
other  resinous  products,  when  saligenin  is  heated  with  glycerol 
It  crystallizes  from  hot  water  in  plates  or  needles,  which  melt  at 
121*5°,  are  coloured  red  by  strong  sulphuric  acid,  and  are  not 
aflfected  by  ferric  chloride.^ 

Orthohydroxybenzyl  methyl  ether,  or  Orthomethoxybenzyl  alcohol, 
CgH^(OCH3)CH20H,  is  formed  when  saligenin  is  heated  with 
methyl  iodide,  caustic  potash  and  wood  spirit ;  it  is  a  liquid, 
which  boils  at  247*5*'  and  solidifies  in  a  mixture  of  ether  and  solid 
carbonic  acid  to  a  glassy  mass.^ 

Orthohydroxybenzyl  ethyl  ether,  Gq}1^(0C2^^)G'H,^.0'H.,  is  a 
pleasant  smelling  liquid,  which  boils  at  265''  and  soUdifies  at  0° 

^  Beilstein  and  Seelheim,  Amer,  Chem.  Joum,  cxvii.  81. 

3  Ann.  Chem.  Pharm.  xxx.  179. 

3  Kraut,  ibid.  clvi.  124. 

♦  Gerhardt,  Ann.  Chim.  Phyn.  [8]  vii.  215. 

^  Giacosa,  Joum.  Prakt.  Chem.  [2]  xxi.  221. 

^  Cannizzaro  and  Korner,  Bcr.  Deutsch.  Chem  Oes,  v.  436. 
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0  &  cryatalline  mass.  It  gives  no  colouration  with  ferric  chloride, 
s  oxidized  by  dilute  nitric  acid  to  ethoxybenzoic  acid  or  ethyl 
dicylic  acid,  C„H,COCjHs)CO.OH.> 

Cafftol,  CgHjgOj.  When  coffee  beans  are  roasted,  the  follow- 
;  substances  are 'given  off  fi-om  100  parts:  0'05  of  caffeol. 
I  0"18  of  caffeine,  0  48  of  fatty  acids,  chiefly  palmitic  and  acetic. 
I  carbon  dioxide  and  small  quantities  of  pyrrol,  methylainine  and 
I  quinol,  derived  probably  from  the  quinic  acid  which  is  coutaineil 
I  in  the  beans. 

Caffeol  is  a  liquid  which  boils  at  195° — 197°,  and  possesses 
the  fine  aroma  of  coffee  in  a  very  marked  degree.     Its  alcoholic 
ficJutioii  gives  with  ferric  chloride  a  red  colouration  which  is  not 
V  destroyed  by  sodium  carbonate.     It  only  dissolves  with  difficulty 
[  in  concentrated  caustic   potash   solution,   and   on   fusion  with 
I  eaustic  potash  yields  salicylicacid ;  it  is  probably  therefore  a  methyl 
I  ether  of  sahgenin,  and  has  the  constitution  CgH^(OH)CHj.0CHj,^ 
I  The  fact  that  it  gives  a  red  colouration  with  ferric  cliloride, 
'  which  shows  it  to  be  a  phenol,  is  in  acconiance  wilh  this  sup- 
position.    Rotsch  has   also   found   that   bydroxybenzyl  methyl 
ether,  already  mentioned,  which  is  isomeric  ivith  caffeol,  smells 
strongly   of  burnt  coffee,   but  loses   the  smell  completely  on 
purification.     This  behaviour  maybe  explained  by  the  formation 
of  small  quantities  of  catfeol  as  a  by-product,  to  which  the  crude 
{n^uct  owes  its  smell. 

2162  Salicin,  or  Orthohydroxyhcnsyl  glucosidc,C^^(GKJ.OB.) 

OC^HiiOg.  After  several  chemists  hail  unsiiccessfully  endeavoured 

to  obtain  the   bitter  principle  of  willow-bark,  which  was  recom- 

xnended  in  cases  of  intermittent  fever  as  a  substitute  for  quinine, 

%in  the  pure  state,  Loroux  succeeded  in  purifying  it  to  such  an 

rextent    that    it   could  bo  readily  crystallized.*     It  was  at  iirst 

thought  to  be  an  alkaloid,  although  this  was  afterwards  shown 

^^Ciot  to  be  the  case,  and  the  difficulty  experienced  in  obtaining 

^Oompounds   of  it  with   other   substances    prevented   chemists 

&om  examining  it  more  closely  until  Piria  subjected  it  to  a 

careful  investigation,  which  resulted  in  a  complete  explanation 

of  its  nature.' 

It  occurs  in  the  bark,  leaves,  and  female  Sowers  of  many 
trees  which  do  not  all  belong  to  the  willow  tribe,  and  to  the 
extent  of  4  per  cent,  in  Salix  helix,  jimtattdra,  and  precox ;  it 


has  also  been  found  in  the  bark  and  leaves  of  the  poplar,^  S 
the  tlower  buds  of  ^nmea  Ulmaria  (p.  S8G)  and  in  cattoreutu 
(WoLler). 

In  order  to  prepare  it,  3  parts  of  willow-bark  are  extract 
three  times  with  boiling  water,  the  extract  eraporated  doHI 
to  9  parts,  digested  for  twenty-four  hours  with  I  part  of  litbai 
filtered  and  evaporated  to  a  syrup.  The  salicin  separates  i 
and  is  purified  by  re-crystallization.*  It  forms  needles,  plates,  or 
rhombic  prisms,  which  dissolve  in  30  parts  of  water  at  the 
ordinary  temperature,  and  freely  in  hot  water  and  alcohol,  buti 
are  insoluble  in  ether;  it  has"  a  vei^*  bitter  taste,  and  forms  a 
purple-red  solution  in  sulphuric  acid.  Dilute  nitric  acid  oxidizes 
it  to  heUciu.  CgH,(CHO)OC„HiiOs  (p.  288),  which  may  be  re- 
converted into  aaJicin  by  sodium  amalgam  and  water.  As 
hehoin  can  be  artificially  prepared  by  the  action  of  acetochloro- 
hydrose  on  salicyl  aldehyde,  it  is  also  possible,  as  Michael  hai 
shown,  to  prepare  salicin  artificially ;  this  is  the  first  instance  of 
the  synthesis  of  a  glucoside  occurring  in  natm'e.* 

Salicin  melts  at  201°,  and  solidifies  on  cooling  to  a  crystalline 
mass;  when  it  is  heated,  however,  for  some  time  to  230° — 
240°,  it  partially  decomposes  into  saUretio  and  glucosane' 
(Part  II.  p.  5iO).  Its  aqueous  solution  rotates  the  plane  of 
polarization  to  the  left."  When  taken  internally  a  portion  of  it  > 
appears  in  the  urine  as  saligenin,  salicylaldehyde  and  salicyH) 
acid,  the  remainder  being  excreted  unchanged  ;^  its  occurreni 
in  castoreum  is  thus  explained.  It  is  used  in  medicine  in  c 
of  intermittent  fever,  acute  rheumatism,  &c.,  and  is  also  employed 
for  adulterating  quinine. 

Popalin.  or  Bensoj/lmlicin,  CigHi-(CflH5.C0)0j  +  2H,0,  waB  , 
discovered  by  Braconnot  in  the  bark  and  leaves  of  the  asp4 
poplar,  PojmhiS  tremula^  and  carefully  investigated  by  Pina.*J 
Piccard  also  observed  it,  along  with  salicin  and  other  substances, 
in  the  buds  of  Pojnilus  pyramidalis,  nigra  et  halsami/era,"'  and 
Schiff  obtained  it  artificially  by  fusing  salicin  with  benzoic 
anhydride.^' 

'  liraeoonot,  Ann.  Chim.  Fliys.  xliv.  2S0  ;  TischliiniBcii,  Atm.  Chtm.   PAa 
\ii.  280.  '  Ibid.  Ixvii.  3«0, 

»  Duflos,  ibid.  TJii.  200.  *  Avict.  Chem.  Joum.  v.  ] 

'  Scliiff,  Bcr.  DetUich.  Chem.  On,.  liv.  304. 
'  Heaae,  An*.  Chem.  Fhana.  cluxvi.  Ilfl. 

'  LareruL  and  HilloD,  iisii.  lii.  435 ;  Hanko,  JaKmh.  Chein.  lgt>2,  711. 
■  Ann.  Chim.  Fhyi.  xliv.  396. 
"  Anv.  Chtm.  Fhana.  Ixui.  245  ;  xcvi.  375. 
'"  BtT.  Deuttdi.  Chem.  Qa.  vi.  890.  "'  Aim.  Chcin.  Fham.  cliv 
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It  cryatallizea  in  exti'emely  tlim  needles,  which  dissolve  in 
2,420  parts  of  water  at  15°  and  in  42  p-drts  at  100°;  it  loses  ita 
water  of  crystallization  at  100°  and  melts  at  180°.  Ita  taste 
resembles  that  of  liquorice ;  it  is  coloured  amaranthine  red  by 
sulphuric  acid.  Boiling  baryta  water  decomposes  it  into  aalicia 
and  benzoic  acid ;  emtilsin  has  no  action  upon  it,  but  on  boiling 
with  a  ililute  acid  it  yields  aaliretin,  benzoic  acid  and  dextrose/ 
while  salicin,  benzamide,  and  ethyl  benzoate  are  obtained  by 
heating  it  with  alcoholic  ammonia.  Nitric  acid  oxidizes  it  to 
benzoyl-helicin,  wluch  is  the  corresponding  aldehyde.     It  has, 

Itfore,  the  following  constitution : 
i6 


C«H, 


.CHs.OH 
■OCoHio(CO.C„H5)05 


1163  Mclahydroxi/hcmi/l  alcohol  is  obtained  by  the  action  of 
aodium  amalgam  on  an  aqiioous  solution  of  metahydroxybenzoic 
acid  which  is  kept  acid  by  the  repeated  addition  of  small 
quantities  of  hydrochloric  acid.  It  is  readily  soluble  in  alcohol 
and  hot  water,  crystallizes  in  tough  needles,  melts  at  63°,  and 
boils  with  partial  decomposition  at  about  S00° ;  ita  aqueous 
solution  is  coloured  violet-blue  by  ferric  chloride.  Hydrochloric 
acid  converts  it  into  a  viscid  resin,  and  on  fusion  with  caustic 
potash  it  is  oxidized  to  metahydroxybenzoic  acid. 

Metaliydrorylenzyl  acetate,  CbH/OHjCH^.O.C^HjO,  is  formed 
by  the  action  of  a  mixture  of  acetic  and  sulphuric  acids 
on  the  alcohol,  and  forms  crystals  which  melt  at  35°  and 
are  only  very  slightly  soluble  in  water;  the  solution  is 
coloured  violet-blue  by  ferric  chloride.  It  boils  with  decom- 
jwaition  at  295°— 302°. 

Mrlahi/droxt/bfmyl  diacetate,  or  Meta-occtohcmyl  acetate,  GgH.^ 
<OC^H36)CHj.OC,HaO,  is  formed  by  heating  the  alcohol  to 
160°  with  acetic  anhydride,  and  is  a  liquid  which  boils  at  290°, 
and  does  not  give  a  colouration  with  ferric  chloride.* 

PnrnhydToxybemyl  alcohol  ia  obtained  by  the  action  of  sodium 
amalgam  on  a  solution  of  parabenzaldehyde  in  dilute  alcohol 
acidified  with  sulphuric  acid.  It  is  readily  soluble  in  water, 
alcohol  and  ether,  and  crystallizes  in  needles,  melting  at  110°.  It 
forms  a  splendid  reddish  violet  solution  in  concentrated  sulphuric 
add,* 

•  Schmidt,  Ann.  Clunn.  Phnna.   xii.  92. 
VoUcn,  Jouni.  Prakt.  Chcm.  [2]  xv,  165, 
BicJennnDfl,  /«r.  De,iiieA.   Chma.  Oa.  %\x.  2373. 
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PrirrfhvdrryrtirH>'nzui  methifl  *ither,  or  Aitias  cdeohol,  C^H^(OCHj) 
irttj.iJ  BL  is  tbrmetl  by  the  actioa  of  alcoholic  pota^  on  anis- 
:ildehy(ie  panimethoxybenzaldehyde).^  It  is  also  formed  when 
paniiiviiroxvbeiizvl  alcoboi  is  heated  with  methyl  iodide  and 
causdc  potafih.  :ind  crystallizes  ia  hard,  lostroos  needles,  wliich 
have  a  ^unt  spirituous  odour  and  a  burning  taste ;  it  melts  at 
2o \  and  boils  at  i58S".- 

Fammetlwxyb^nsyl  Moridn,  CJE^COCHj^CH^Cl^  is  prepared  by 
socoratiiig  che  alcohol  with  hydrocfaioric  acid  ;  it  is  a  liquid  with 
a  ftnity  o<iour  and  burning  tasiie.  On  treatment  with  sodiam 
methyUite  it  yields  the  dhniithyl  ether  QH^COCByCH^OCH^ 
a  liquid  boiling  at  ±i5  5**.^ 

FarnAydrrixyhimztfl  fjurtat^,  C^H^COHJCHyO.CjftO,  is  formed 
in  a  ainular  manner  to  the  metarcompoond,  and  crystallizes 
in  yellowish  needles  melting  at  84*. 

FaratwetijbtrrLryl  acttate.  C^/OC3H3O)CH2.OC5H,0,  also 
forms  yellow  neeilles,  melnng  at  75''  (Kedermann). 

FaraTaethoxyh^TizylaTihuie.  L\H^(OCHj)CHj^Hy  is  obtained  by 
the  action  of  ammonia  on  the  chloride,  and  crystallizes  from  hot 
water  in  small  needles  which  have  a  strongly  alkaline  reaction 
and  melt  ab^ve  \0<f.  The  secondary  base,  (C3H^O)jNH,  is 
formal  simultaneoosly ;  it  is  less  soluble  in  water,  and  crystal- 
Hzes  in  plates  melting  at  3f^ — SS*.* 

Parakydroxyh^-nzyl  thiocarbimvie,  C^H^COBOCH^N  =  CS,  has 
been  already  mentioned  as  sinalbin  mustard  oil  (Part  IL  p.  392). 
It  ia  a  product  of  the  decomposition  of  sinalbin,  Cj^H^N^SjO,^, 
which  crystallizes  in  small,  lustrous  needles  and  is  readily 
soluble  in  water,  slightly  in  alcohol ;  it  is  converted  by  myrosin 
in  presence  of  water  into  sinalbin  mustard  oil,  acid  sinapin 
sulphate,  and  grape  sugar: 

Sinalbin  mustard  oil  is  a  non- volatile,  oily  liquid,  which  has  a 
very  Hharp  taste  and  blisters  the  skin.  When  the  sulphur  is 
r(?Tnov(;d  it  is  converted  into  parahydraxypJienylcuxtonitril, 
(/„II^(()H)CH2.CN,  which  was  considered  to  be  the  ortho- 
coiniKjund  by  Laubcnheimer  and  WilL^ 

'  Biirtnpnini  and  Cannizzaro,  Ann.  Chem.  Pharm.  xcviii.  189. 

«  ('annizzaro  and  Konicr,  Ber,  Deulseh.  Chan.  Ges.  v.  436. 

•  C'annizzaro,  Ann.  Chem.  Pharm.  cxxxvii.  246. 

4  Ihul.  cxvii.  240. 

'  Ann.  Chan.  Pharm,  cxcix.  160. 
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ORTHOHYDBOXyBENZALDEHYDE,   OR     SaLICYLALDEITTDE. 


2164  Tbe  volatile  oil  of  the  flowers  of  Spirwa  Ulmaria  was 
first  examined  by  Pagenstecher,  an  apothecary  of  Berne,  who 
discovered  in  it  an  acid,  the  aqueous  solution  of  which  is  coloured 
"violet  by  ferric  chloride,^  and  which  was  called  "  spiroi/lwasstr- 
^lofsdnre,"  Ci^HgOCC  =  6,0  =  8)  by  Lowig,  to  whom  Pagenstecher 
intrusted  its  further  investigation.'  He  and  Weidmann  sub- 
sequently found  that  when  the  ethereal  solution  is  shaken  with 
caustic  potash,  this  is  coloured  yellow,  and  on  evaporation  of  the 
«ther  an  indifferent  oil  remains  behind,  which  possesses  the 
smell  of  the  flowers  in  a  very  marked  degree,  while  if  the 
alkaline  solution  be  distilled  with  phosphoric  acid,  an  acid  oil 
over  first,  followed  by  an  acid  cryatallizing  in  long  needles. 
^They  now  called  the  former  of  these  spirecic  add,  or  apiroyl 
Jljidridc,  C,jHj(|0,.'  About  the  same  time.  Piria,  working  in 
Damas'  laboratory,  found  that  salicin  on  oxidation  with  potassium 
'"'  "iromate  and  dilute  sulphuric  acid  yields  a  volatile,  oily, 
aromatic  liquid,  which  he  called  salicyl  hydride,  C,HgOj.  This 
b  isomeric  with  benzoic  acid,  and  is  to  be  looked  upon  as  a 
lydracid,  which,  on  heating  with  caustic  pota.sh,  yields  salicylic 
ddd,  CjH^Oj,  just  as  benzoyl  hydride  under  similar  circumstances 
■Jields  benzoic  acid.  The  radicals  hcmayl,  C^HjO,  and  salicyl, 
iCjHjOj,  are  different  oxidation  products  of  the  hydrocarbon, 
iCjHg.*  Dumas,  to  whom  Pagenstecher  showed  his  preparations 
Jrom  Spinea,  noticed  the  great  similarity  of  the  oil  to  sahcyl 

Itydride  and  suggested   that  apirpeic  acid  is  identical  with  the 

latter;'  this  had  already  been  proved  by  Etthng,  who  named 

Uie  compound  salicylous  or  spiroylous  acid." 
The  compound  was  mistaken  for  an  acid  because  it  is  at  once 

an  aldehyde  and  a  phenol,  and  therefore  forma  salts. 
Sahcylaldehyde  also  occurs  in  tho  juice  of   various  plants 

'  Boclinor'ii  Reptrt,  Pharnt.  xlix.  337  ;  li.  3SJ. 

"  Fogg.  Ann.  xxxvi.  883. 

>  Ibid.  xlri.  57. 

■  Ann.  Cheia.  Phami.  xxix.  300,  xix.  161. 

'  Ihid.  xxix,  308. 

'  ;6irf.  xxix.  300 ;  xxxv.  241. 


belonging  to  the  genua  Spirsa,*  in  the  stem  and  root  of  Cre 
fcetida*  and  in  the  larvae  of  Chrysomela  popuH,  which  live  ( 
willows  and  poplars,  and  possess  small  openings  along  the  \ 
from  which  salicyl  aldehyde  may  be  pressed  out  in  oily  dropi 
Euz  also  obtained  it  by  distilling  the  beetle  with  water.* 

In  order  to  prepare  it,  a  mixture  of  3  part-a  of  salicin  and  ] 
parts  of  potassium  dichromate  is  treated  with  24  parts  of  watfl 
to  which  4'5  parts  of  sulphuric  acid  diluted  with  12  parts  t 
water  are  added.  When  the  reaction  is  compiete,  the  mixta] 
b  distilled  until  the  distillate  passes  over  clear,  and  the  c 
portion  then  separated  from  the  water ;  some  of  the  aldehyt 
remains  dissolved  in  the  water  and  is  extracted  by  ether.^ 

If  the  distillation  be  continued  too  long,  furfurol  passes  o 
and  all    preparations   made    from    the    aldehyde    then    becom 
intensely  red-coloured  on  standing." 

The  flower-buds  of  Spiraa  Ulmaria  oniy  give  a  very  e 
yield  of  salicyl  aldehyde  on  distillation  with  water,  but  a  h 
quantity  is  obtained  when  sulphuric  acid  and  potassium  di- 
chromate are  added,  thus  showing  that  the  buds  contain  salicin,' 
Salicyl  aldehyde  is  obtained  synthetically,  along  with  the  isomeric 
parabydroxybenzaldehyde,  by  the  action  of  chloroform  on  a 
solution  of  phenol  in  caustic  soda  (Part  III.  p.  32).  They  are 
separated  by  distillation  in  steam,  with  which  the  latter  is  no(^ 
volatile.^  ^ 

Properties. — Salicylaldehyde  is  a  liquid  with  a  pleasant  aromat^f 
smell  and  a  burning  spice-like  taste;  it  boils  at  106'o°,  solidifi^9 
at  20°  to  large  crystab,  and  has  a  specific  gravity  of  l'I731  at 
13'5°.  Ita  aqueous  solution,  even  when  very  dilute,  is  coloured 
violet  by  ferric  chloride,  and  yellow  by  alkalis ;  it  does  not 
reduce  Fehling'g  solution,'  and  forms  difficultly  soluble  com- 
pounds with  the  acid  sulphites  of  the  alkali  metals,'*  this 
property  being  made  use  of  in  its  purification  (Reimer  and 
Tiemanu).  It  produces  a  fine  reddish  violet  colouration  i 
solution  of  rosaniline  which  has  been  decolourized  by  sulphu] 
acid."  The  aldehydes  of  the  fatty  acids,  benzaldehyde,  Sec., 
give  this  reaction  (Part  II.  p.  495). 

1  WirJie,  Aait.  Chsn.  Phnm.  kijtiii.  175.  '  Ibid.  xei.  3M. 

•  Jnhratber.  Cbem.  18S0,  B83.  •  Ibid,  1869,  312. 

•  Sohiff,  Am.  Chan.  PAarm.  cl.  103.  *  IbiH.  ccr.  115. 
'  Bnclmer,  ibid,  luxviii.  284. 
■  Bcimer  and  Ticmum,  Ber.  DtuCicK  Chrm.  Go,  ix.  S24. 

•  ToUeur,  ibid.  xiv.  19S9, 
'■'>  BertBgniui,  Ann.  Chem.  Plutrin.  Imv.  93. 
"  Schmidt,  Ber.  DcuUch.  Chcm.   Our.  liv,  1818, 
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B  a  phenol  it  forms  salts,  ethers,  and  ethereal  salts,  ^M 

^otajoium  saliqilaMfhyde,  C,H,(OK)CHO  +  H^O,  is  obtoinel^^^^ 
by  adding  caustic  potash  to  a  solution  of  the  aldehyde  in  dilatsi^^^^^^l 
alcohol ;  it  crystallizes  in  light  yellow,  nacreous,  quadratic  tablet^^^^^^f 
which  are  readily  soluble  in  water.  The  compound  CjH,(OK^  ^^* 
CHO  +  CflHj(OH)CHO  ia  obtained  in  fine,  fascicular  groups  of 
needles  by  adding  the  aldehyde  to  an  alcoholic  solutioo  of  the 
Bptassiam  salt. 

b^rtUTn  aalieylaldehyde,  (CgH^(CHO)0),Ba+  SHjO.  crystallizes 
^ftyellow  needles,  which  are  slightly  soluble  in  cold  water. 
■  Copper  mlia/laldehyde,  (CjH,(CHO)0)jCu,  is  a  very  character- 
istic salt ;  when  an  aqueous  solution  of  copper  acetate  is  added  to 
a  dilute  alcoholic  solution  of  the  aldehyde,  the  liquid  becomes 
coloured  emerald  greeu,  and  after  a  few  minutes  deposits  spark- 
ling crystals;  the  liquid  then  preseata  a  most  beautiful  appearance 
-when  placed  in  the  sunlight.  The  crystals  become  brownish- 
green  on  drying,  and  are  only  slightly  soluble  in  water  and 
alcohol  (EttJing). 

iftzrf  saiun/Utldehyde,  CflH,(CHO)OPb.OH.  is  formed  when 
h^c  lead  acetate  is  added  to  an  alcoholic  solution  of  the  alde- 
■tade  ;  it  is  a  yellow  precipitate  which  dissolves  on  heating,  and 
HjpOFates  out  on  cooling  in  heavy,  light-yellow  granules. 
Wjfethyl  salitylaldehyde.  CgHj(OCHs)CHO.  is  obtained  by 
heating  the  sodium  salt  with  methyl  alcohol  aud  metliyl 
iodide.'  It  is  an  oily  hquid  which  possesses  a  faint  odour,  boils 
at  238°,  and,  when  perfectly  free  from  sahcy! aldehyde,  solidifies 
r  some  time  to  tough  prisms  melting  at  35°.  It  forms  a 
pound  with  a^-id  ammonium  sulphite,  which  crystallizes  in 
rous  priama  and  is  readily  soluble  in  water  and  alcohol.  The 
slum  sulphite  compound  also  crystallizes  well,  but  is  only 
ly  soluble  in  cold  alcohol. 

,yl  iolicylaldehi/de,  CaH^COC^HJCHO,  was  obtained  by 
a  in  a  similar  manner,  as  a  strongly  refractive  liquid  boiling 
7' — 249°.  It  is  also  formed  when  a  mixture  of  calcium 
mate  and  calcium  ethyl  salicylate  is  distilled,  while,  when 
aum  salicylate  is  substituted  for  the  ethyl  compound,  only 
)Col  is  formed.* 
may/  nalicylaldchydc,  CuH/0CHj.C„H5)CH0,  crystallizes 
I  boiling  alcohol  in  Sat,  rhombic  prisms,  which  melt  at  46°, 

foum.  Ckim.  Sec.  XX.  »8  ;  VoawiokBl,  Srr  DaOtA.  CT«dl  (?«.  it. 


and  have  a  faint  odour  resembling  that  of  clovea.    ItboiUal 
SCO",  and  forms  an  irritating  vapour.^ 

Acetyl  salicytaldchydc,  CnH/OC2HjO)CHO,  is  formed  when 
the  sodium  salt  is  suspended  in  ether  and  treated  with  acetic 
anhydride.  It  is  extremely  soluble  in  alcohol,  crystallizes  ii 
fine,  silky  needles,  melts  at  37°,  and  then  solidifies  to  a  mi 
possessing  a  satin  histre.  Its  boiling-point  lies  at  about  253^ 
it  combiues  with  the  acid  sulphites  of  the  alkali  metals. 

Bf-nzoyl  salia/laldehydc,  CaH/O.CO.CoHs)CHO,  was  obtaii 
by  Perkin  by  the  action  of  benzoyl  chloride  on  the  sodii 
compound.  It  is  a  thick  oily  liquid,  which  boils  above  361 
and  forms  the  usual  compounds  with  the  a^^id  sulphites  of 
alkali  metals.' 

3165  ffclicin,  iCeTlJOC^'S^fi^)CMO+SHfi,  is  formed 
the  action  of  dilute  nitric  acid  onsalicin.*  In  order  to  pre] 
it,  salicin  is  treated  in  flat  basins  or  plates  with  eight  ti 
its  weight  of  nitric  acid  of  sp.  gr.  I'lo.  containing  lo' 
oxides  of  nitrogen,  wliich  may  be  introduced  by  the  addition  of 
a  few  drops  of  the  red,  fuming  acid.  The  helicin  is  filtered  off 
after  some  hours  and  washed  two  or  three  times  with  cold 
water."  It  is  readily  soluble  in  hot  water  and  alcohol,  but  not 
in  ether,  and  crystallizes  in  small,  very  fine  needles,  which  have 
a  faint,  bitter  taste,  lose  their  water  of  crystallization  at  TOO"  and 
melt  at  175°.  It  is  not  coloured  by  ferric  chloride ;  if  a  blood- 
red  colouration  be  produced,  it  contains  nitrosalicylic  acid.  It  ia 
resolved  into  dextrose  and  salicylaldehyde  by  the  action  of  acii 
alkalis  and  emulsin.  It  can  be  Bynthetically  prepared  by  actii 
upon  potassium  salicylaldehyde  with  an  alcoholic  solution 
acetochlorohydrose : ' 


CflH,i 


.CHO 


+  C^H;Cl(CsH;.0),06  +  4CgH,-0H  = 

/CHO 
CflH,<f  +  *C.H,OC,H,0  +  KCL 

\oaH,,o. 


It  is  reduced   to   salicin   by   the   action  of  sodium   amalgam 
and  water.^     It  forms  a  compound  with  acid  sodium  sulphite. 


'  Perkin,  Journ.  Chtm,  Soe.  uri.  li 
'  Ibid.  xxi.  181. 

•  Itid.  cilv.  MS.  *  1 

•  Scliiff.  ibid.  cliv.  1*. 

'  Michael,  Amur.  Ckcia.  Journ.  i,  5 
'  Lisculto,  Jahnsber.  Vhem.  1864,  i 


wbich  lias  the  formula  C,jHjjOj.S03HNa,  and  forms  a  dazzling 

Elite,  hygroscopic,  crystalline  mass.* 
Wlien  it  is  moist«ned  with  one  per  cent-  nitric  acid,  dried  and 
ttted  to  110° — 115",  it  is  converted  into  porahelicin,  which  is 
without  doubt  a  polymeride;  this  substance  is  an  amorphuus, 
starchy,  tasteless  powder,  which  is  scarcely  soluble  in  water  and 
alcohol,  and  has  no  action  upon  a  solution  of  i-osaniline  reduced 
by  sulphurous  acid,  whereas  helicin  forms  a  reddish  violet 
cryBtallioe  compound  with  it.  It  dissolves  in  very  dilute 
liydrochloric  acid  which  has  been  slightly  warmed,  and  is  thus 
reconverted  into  helicin.* 

TdraeetylhdKin,  C^^^{G^O\,  was  obtained  by  Schiff 
\ij  beating  helicin  with  acetyl  chloride  or  acetic  anhydride ;  it 
crystallizes  from  hot  alcohol  in  long,  silky  needles  or  prisma. 

BtnzoylMiein,  CuHijCCO.CgHJO,.  Piria  prepared  this  com- 
pound by  the  action  of  nitric  acid  on  populin  (p.  282),^  and  SchJff 
by  heating  helicin  with  l>enzoyl  chloride.*  It  crystallizes  in  silky 
needles,  which  are  slightly  soluble  in  water,  more  readily  in 
alcohol.  Sodium  amalgam  and  water  reduce  it  again  to  populin ; 
a  boiling  with  water  and  magnesia  it  is  decomposed  into  helicin 

i  benzoic  acid. 
\  Seliemdin,  C^^^y^,  is  fonncd  by  dissolving  saliciu  in  nitric 
dof  sp.  gr.  1085; 

2C^Hi,0;  +  O  =  C^H^O,,  +  H„_0. 

I  crystallizes  from  hot  water  in  needles,  and  is  very  similar  to 
*icin,  from  which  it  differs  in  being  resolved  by  acids,  &c.,  into 
stroae,  salicylaldehyde,  and  saligenin  (Piria). 
VOctacctylMicoidin.  C^JS^^tO)fiii,  is  obtained  by  heating 
^coidin  to  100°  with  acetic  anhydride  ;  it  is  insoluble  in  water, 
1  crystallizes  from  alcohol  in  druse-like  aggregates,  melting 
h  80°  (Schifl). 

[  OrOui-nUehydophcnoxyacdic  add,  CaH,(COH)OCH,-CO^H,  is 
med  when  equal  molecules  of  salicylaldehyde  and  chloracetic 
are  heated  tt^ether  and  the  fused  mass  treated  with 
,  excess  of  caustic  soda  solution  of  sp.  gr.  1*2 — I'S;  the 
Uture  is  then  heated  on  the  water-bath  until  it  has  become 
most   solid,  the   acid   precipitated  by  hydrochloric  acid   and 

'  Suhiir,  Ann.  Chcm.  Flutrm.  ccx.  ISA. 
=  Jbitl.  Ber.  DoriwA.  Chem.  Gis.  xir.  817. 
'  Ann.  Chtm.  Fhann.  xcivi.  87fl 
*  Ibid.  tliT.  23. 


a»  AK>MAT1C  COMPOUNDS. 

re^oTStikjiKC  ^con  bet  irttter.    It  fonns  laige,  yeUow  plates, 
^vii:^    vntisTx    &2    ISf .  ml   saUime   when   gradually  heated. 


r-  c^d^fecT   aijSc£.j<i«s  h  rednoes  Fehling's  solutioii  and  am- 

slvcT   scimuQ,    ml    ownbines  with    phenylhydra- 

inai  scdiiim  snIphHe,     ItB  salts  are  readily  soluble 

w«ll;  Its  ethyl  ether   forms    needles  melting 

2166  O^^l^A^i.fK-iTf^^msidfmf  tiamjfWMmdA.  These  are  obtained 
in  a  ^gmrju-  sokasuker  10  the  benzklene  compounds. 

Or:iL*9ir.'sir'Cs;:iiim  maUU,  C^H^^  is  formed 

M:na:(oco.CH3)„ 

when  salicrijkjdiehjde  is  bmted  to  150*  with  acetic  anhydride; 
ii  ct^^^^lizies  frvm  akohol  in  thi<^  haid,  transparent  tablets, 
which    mdt    at    103* — 104*,   and    distil  with    slight   decom- 

Perkin  has  obtained  the  fidlowing  compounds  in  a  similar 
manner : 

^OCHj  ^  Mdtmg-poiBt 

C^H^^  ,  lustrous  prisms 7o* 

Vhocx).ch,\ 

OCA 
QH^<;  ,  small  prisms 88°— 89' 

Vh:oco.ch^\ 

/OCaCH, 
C^H^/  ,  needles  or  pointed  tablets  100°— 101" 

\ch:o.co.ch^\ 

The  last  compound  may  also  be  obtained  by  heating  salicyl- 
aldehyde  to  180"  with  acetic  anhydride.*  Tolerably  concentrated 
caustic  potash  decomposes  it  into  acetic  acid  and  orthohydroxy- 
benzidene  acetate,  while  it  splits  up  on  distillation  into  acetyl- 
Siilicylaldehyde  and  acetic  anhydride.* 

Qrthohydraiylienzidaioxinie,  or  Salicylcddoxime,  CgH/OH) 
CH^N.OH,  is  formed  by  the  action  of  hydroxy  Limine  ^^ 
salicylaldehyde,  and  forms  white  crystals  which  dissolve  readily 
in  alcohol,  ether  and  benzene,  but  are  insoluble  in  petroleum 
spirit,  and  melt  at  57°.^  Its  compounds  resemble  those  01 
benzaldoxime  (p.  139). 

*  Riissing,  Bcr.  DetUsch.  Chem.  Oes.  xvii.  2988. 
'  Perkin,  Ann.  Chem.  Pharm.  cxlvi.  371. 

»  Barbier,  Bull.  Soe.  Chim.  xxxiii.  53. 

*  Perkin,  Ann.  Chem.  Pharm.  cxlviii.  203. 

*  Iiach,  Ber.  Dcutsch.  Cfu:rn.  Gcs,  xvi.  1782. 


ffydroxylifmideiif-amidoheTizmc  acid,  CgH^COHJCHzzNCgH 
COjH,  ia  prepared  by  mixing  warm,  dilute,  aqueous  Bolutiona 
of  salicylaidehyde  and  inetamidubenzoic  acid.  It  cryatallizea  in 
long,  yellow  needles,  whitli  are  very  soluble  in  alcobol  and 
benzene.  Its  aqueous  solution  gives  off  salicylaidehyde  on 
evaporation,^ 

Heliciu  combines  with  metamidobenzoic  acid  to  form  the 
analogous  compound  C„H,(OCflHnOj,)CH=NCoH,.COjH,  which 
crystallizes  from  alcohol  in  lustrous  plates,  melting  at  142°;*  it 
is  resolved  into  the  preceding  compound  and  grape  sugar  by 
heating  with  an  aqueous  solution  of  emulsin. 

Hydrosalicylaviide,  'N^(Cil.C„}i^.OH.)g.  This  compound,  cor- 
responding to  hydrobenzamide  (p.  140),  was  prepared  by  Ettling 
by  the  action  of  ammonia  on  an  alcoholic  solution  of  salicylaide- 
hyde, and  named  by  him  salicylimide.*  It  forms  heavy,  light 
yiillow  crystals,  melting  at  300°,  and  is  insoluble  in  water,  slightly 
in  cold,  more  readily  in  hot  alcohol,  and  decomposes  into  salicyl- 
aidehyde and  ammonia  when  heated  with  concentrated  caustic 
jiotash  solution  or  strong  acids.  It  absorbs  three  molecules 
of  hydrochloric  acid,  forming  a  compound  which  decomposes 
in  moist  air  into  sahcylaldehyde  and  ammonium  chloride.* 

As  a  phenol  it  forms  mettdlic  stilts ;  when  an  ammoniacal 
solution  of  copper  acetate  ia  added  to  its  cold  alcoholic  solu- 
tion, the  hquid  becomes  coloured  emerald-green,  and  after  a 
ftw  minutes  becomes  decolourized,  cruciform  plates  being  de- 
[wsited,  which  after  drying  have  a  strong  satin  lustre;  their 
composition  is  represented  by  the  formula  (CjiH^gNjOj^jCUj 
(NHjJj.  They  are  almost  insoluble  in  water  and  alcohol,  and 
fnrm  a  green  solution  in  hydrochloric  acid,  from  which  they  arc 
•"e precipitated  by  alkalis.  They  are  not  attacked  by  cold  caustic 
potash,  and  decomposition  only  proceeds  slowly  on  boiling ; 
Salicylaidehyde  is  formed  when  it  is  heated  with  strong  acids. 

OTOwbeTrndt-nephenylhydrnzine,  CaH,(OH)CH=N,H.CaH:j. 
irystallizes  from  hot,  dilute  alcohol  in  yellow  needles  or  plates, 
melting  at  142° — 143°.  When  it  ia  heatoil  with  cldoracetic 
urid  a  colouring  matter,  C^HjNOj,  is  produced,  which  forms  a 
ieep  bluish  green  solution  in  alcohol  and  is  coloured  cherry-red 


ess  AROMATIC  COMPOUNDS. 


SUBSTITUTION  PRODUCTS  OF  SALICYL- 

ALDEHYDE. 

2167  Chlorosalic^dAyde,  CAa(OH)CHO,  is  formed  bj 
the  action  of  chlorine  on  salkylaldehyde.^  It  is  insoluble  in 
wuter,  and  crystallixes  from  alcohol  in  rectangular  tablets. 

^nMROM/iry^a/t2eAf&,C«H,Br(0H)CH0,  is  not  only  formed  bj 
the  direct  action  erf*  fafomine*  but  also  when  salicylaldehyde  is 
treated  with  pho8[^oras  pentabromide,  the  latter  compomid  act- 
ing in  the  same  manner  as  a  mixture  of  bromine  and  phospborufl 
pentabromide.'  It  crystallixes  from  ether  in  small  plates,  melt- 
ing at  98"* — ^99"* ;  its  alcoholic  solution  is  coloured  violet  by  ferric 
chloride. 

Meltiug-poiDt 

Methylbromosalicylaldehyde,  flat  prisms  )  ^  ^  ao    m,.*« 
C«H3Br(OCH5)CH().  j^  11^  — ii4  0 . 

EthylbromosalicylaJdehyde/  sharp  prisms  ]  /»»70     «jio 
C^HjBrCOCjH JCHO.  j  ^ '  ~^ ' 

a-Xitrosaiici/IaId4'hyd^,  CeH3(N02)(OH)CHO,  is  formed,  to- 
gether with  the  /8-compound,  by  boiling  salicylaldehyde  with 
dilute  nitric  acid ;  *  the  two  substances  are  separated  by  means 
of  their  barium  salts.  a-Nitrosalicylaldehyde  crystallizes  in 
small  yellow  prisms,  which  melt  at  lOo^^-^lO?",  while  its  barium 
salt,  (C^H^NOJjBa  +  211^0,  forms  slightly  soluble,  yellowish  red 
columns. 

fi'Xitrosalicylaldchyde  forms  needles,  melting  at  123'' — ISo"*; 
its  barium  salt,  (C7H^NOj2Ba  +  GHjO,  crystallizes  in  yellow 
prisms. 

Mdhylnitrosalicylcddehyde,  CeH3(N02)(OCH3)CHO,  forms  fine, 
white  needles,  melting  at  8b^* 

^  Piria,  Ann,  Chem,  Pharm.  xxx.  169  ;  Lowig,  Berz,  Jahresb.  xx.  31]. 
'  Piria  ;  Lowig,  Pogg.  Ann.  xlvi.  67  ;  Heberlein,  Berz,  Jahresb.  xxv.  484. 

*  Henry,  Ber.  DaUsch.  Chem.  Oes.  it  274. 

*  Perkin,  Ann.  Chem.  Pharm.  cxlv.  304. 

*  Mazzara,  G<izz.  Chim.  Ital.  vi.  460. 

«  Voswinkel,  Ber,  DctUsch.  Chem,  Gts.  xv.  2027 ;  Schnell,  ibid.  xvii.  1381. 


METAHYDROXYBENZALDEHYDE. 

»i68  This  compounii  is  funuod,  together  with  metiihyJroxy- 
benzjl  alcohol,  by  the  action  of  sodium  amalgam  on  a  faintly 
acid  aoIutioQ  of  nictahydroxybenzoic  acid.  It  can  be  more 
readily  obtained  from  roetamidobenzaldehyde  by  treating  its 
well-cooled  solution  in  hydrochloric  acid  with  the  calculated 
quantity  of  aodium  nitrite  and  then  heating.'  It  crystallizes 
from  hot  water  in  white  needles,  melting  at  10+';  its  atjueous 
solution  is  coloured  a  faint  violet  by  ferric  chloride,  and  it  differs 
from  the  isomeric  para-compound  in  giving  a  precipitate  with 
lead  acetate. 

Mahyhietahydroryhemaldehydr,  C\n^{0CU3)C^Q.  is  obtained 
by  heating  the  aldehyde  with  caustic  potash,  methyl  iodide  and 
wood-spirit.  It  is  an  oily  liquid,  which  boils  at  230°  and  has  a 
pleasant  odour. 

AcetyhnetaJiydracyUnzaldehydc,  CgH/OCO.CH^CHO,  is 
formed  by  the  action  of  acetic  anhydride  on  the  potassium 
compound  of  the  aldehyde,  and  is  an  oily  liquid,  boiling 
at  263.° 

Acttmnelakydroxylmzidene  acetate.  CaH,(OCO:CH^CH(0. 
CO.CHj),,  is  produced  when  the  aldehyde  is  boiled  with  an 
excess  of  acetic  anhydride.  It  is  slightly  soluble  in  water, 
readily  in  alcohol,  and  crystallizes  in  lustrous,  white  plates, 
melting  at  76.' 

SUro-snbstitiition  products.  The  three  following  compounds 
•re  all  formed  by  the  direct  nitration  of  the  aldehyde ;  they 
may  be  separated  by  re-crystallization  from  hot  water,  chloro- 
form, &c. 

a-NitrmnetahydroxyheiizaUMiyde.  CaH^CNOJCOHjCHO,  crys- 
tallizes in  yellowish  plates,  melting  at  128°,  which  are  slightly 
soluble  in  cold,  more  readily  in  hot  water,  and  readily  in 
chloroform  and  petroleum  ether. 

ff-NitTtnndahydrnxyhcnmldrkyde  forms  needles  which  melt  at 

1166°,  and  is  more  readily  soluble  in  water  than  the  a-compound, 
but  only  very  slightly  soluble  in  chloroform  and  benzene, 
y-MtroTtuta^ydrcrxyhmzaldfkyde  melts  at  138°,  and  crystallizes 
>  Tli^muiD  an.) 


d: 
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in  prisma,  wliicL  tlissolve  readily  in  hot  water,  chloroform  and 
benzene,  but  only  with  difficulty  in  petroleum  ether. 

When  these  compounds  are  heated  with  cauatic  potash,  wood 
Bpirit  and  methyl  iodide,  their  methyl  ethers,  CaH3(N0j)  (OCHJ 
CHO,  are  formed  (Tiemann  and  Ludwig) ;  these  can  also 
obtained  by  the  nitration  of  metamethoxybenzaldehyde.' 

a-OrtkonitrmnrthyhnetahydroxiibeTiialdehyde  CTystallizes  Iront 
chloroform  in  thick,  yellow  prisma,  melting  at  107°. 

^-(h-thonitroKieihylmetahydroxy^t'iuxildehyde  forms  white  plal 
or  needles,  which  melt  at  82* — 83°, 

These  bodies  are  known  to  be  orthonitro-componnda  because 
they  give  the  indigo  reaction  (p,  liti). 

Metanilrowiethyl'melahydraryhemaldchyde  crystallizes  in  needles 
or  prisms,  and  melts  at  98°. 

ParanitrovietkytmciahydroryhcnzaUifhyde  was  obtained  by 
Ulrich  by  the  oxidation  of  paranitromethoxycinnanjic  acid ;  it 
crystallizes  io  hair-like  needles  and  melts  at  62°. 


I 


PARAHYDROXYBENZALDEHYDE. 


2169  Thia  body  was  first  prepared  by  Bucking  by  heating 
methyl  ether,  aniaaldehyde,  with  hydrochloric  acid.'    It  may 
synthetically  obtained  by  the  action  of  chloroform  on  an  alkalii 
solution  of  phenol,  salicylaldehyde  being  formed  at  the  same  time. 

In  order  to  prepare  it,  30  parts  of  chloroform  are  gradually 
added  to  a  solution  of  20  parts  of  phenol  in  120  parts  of  water 
heated  to  50° — 60" ;  the  liquid  becomes  coloured  blue  and  then 
deep  red,  a  considerable  rise  of  temperature  taking  place,  the 
use  of  an  inverted  condenser  being  thus  rendered  necessary. 
The  mixture  is  finally  boiled  for  half  an  hour,  the  excess  of 
chloroform  distilled  ofif,  an  excess  of  sulphuric  acid  added,  and 
the  whole  distilled  in  steam,  aahcylaldehyde  passing  over  along 
with  any  free  phenol,  from  which  it  is  subsequently  separated  by 
means  of  acid  sodium  sulphite.  The  residual  liquid  is  filtered  while 
hot  from  the  deep  red  coloured  resin  which  is  formed,  and  after 
cooling  is  extracted  with  ether ;  on  evaporation  of  the  ether,  the 
parahydroxybenzaldehyde  is  left  behind,  and  is  then  re-crysl 
ized  from  boiling  water."  It  is  slightly  soluble  in  cold,  1 


lin«A 
me,   ' 


t  hot  water,  anil  readily  in  alcohol,  etlier,  &c.,  and  crystallizes 
in  fine  needles,  which  have  a  faint  but  pleasant  aromatic  odour, 
melt  at  115° — 110°,  and  aiiblime  unaltered.  Its  aqueous  solu- 
tion is  coloured  a  dirty  violet  by  ferric  chloride  ;  if  its  ethereal 
solution  bo  shaken  up  with  a  solution  of  acid  sodium  sulphite, 
combination  ensues,  but  the  double  compound  is  reailily  soluble. 
Its  solution  is  not  easily  attacked  by  oxidizing  agents,  but  it  is 
converted  into  parahydroxybenzoic  acid  by  fusion  with  caustic 
1  potash  at  a  low  temperature. 

Mctkylparahydnaiybenzald-fhyde,  C„H'((OCHj)CHO.  Cahours 
prepared  this  compound  by  the  oxidation  of  oil  of  anise  seed,' 
I  while  Cannizzaro  and  Bertagnlni  obtained  it  by  oxidizing  anise 
I  ilcohol  (p.  284),  and  named  it  anisaldehyde.*  Piria  then  showed 
I  that  it  is  also  formed  by  distilling  a  mixture  of  calcium  formate 
I  and  calcium  auisate  (methyl parahydroxybenzoate) ; '  and  Tie- 
l  Inana  and  Herzfeld  obtained  it  by  heating  parahydroxybeoz- 
"  lehyde  with  methyl  iodide,  wood  spirit  and  caustic  potash. 

It  may  be  most  readily  prepared  from  oil  of  anise,  which 

sonsista   for  the  most   part  of  anethol.  CjHj.CoH^.OOHj,  the 

Inethyl  ether  of  allylpbenol.     One  part  of  tliis  is  brought  into  a 

«rold  solution  of  2  parts  of  potassium  dichromate,  3  parts  of 

eulphuric  acid,  aud  8  parts  of  water.   As  soon  as  the  temperature 

^^:eaaeB  to  rise,  the  mixture  is  diluted  with  half  its  volume  of 

water  and  distilled,  the  quantity  of  liquid  in  the  distilling  flask 

"wing  kept  at  its  original  volume  by  the  gradual  addition  of 

;r.      The   distillate   is  repeatedly  rectified,   the    aldehyde 

ing  over  in  the  first  portions,  which  are  then  shaken  up  with 

i  concentrated  solution  of  acid  sodium  sulphite.     The  crystals, 

I'witicb  separate  after  some  time,  are  washed  with  alcohol  and 

I  decomposed  by  carbonate  of  soda  solution.' 

Anisaldehyde  is  a  liquid  wlijch  has  an  aromatic  odour,  boils  at 

\  2*7° — 248°,  and  dissolves  slightly  in  cold,  more  readily  in  hot 

rirater;  it  readily  takes  up  oxygen  from  the  air  aud  is  converted 

Ely  alcoholic  potash  into  a  mixture  of  anise  alcohol  and  anisic 

icid.     When   heated  with  dilute  hydrochloric  acid   to  200°,  it 

I  decomposes  into  parahydroxybcnzaldehyde  and  methyl  chloride 
1'  (Bucking). 

AeetylparahydroTylevzaidehydt,  CaH^(OCO.GHs)CHO,  is  ob- 
Ktained  by  dissolving  2  parts  of  parahydroxyhenzaldehyde  and 

II  part  of  caustic  jwtash  in  water,  evaporating  and  treating  the 
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residue  with  acetic  anhydride  in  presence  of  ether  (Tiemann 
and  Herzfeld). 

It  is  also  formed  by  the  action  of  acetic  anhydride  on  the 
aldehyde,^  and  is  a  liquid,  boiling  at  264** — 265^  which  fonns  an 
almost  insoluble  compound  with  acid  sodium  sulphite. 

Acetyl^mrahydroxyhcnzidene  acetate,  CeH^(OCO.CH3)CH(0C0. 
CH.j)2,  is  prepaied  by. heating  the  aldehyde  with  three  times  its 
weight  of  acetic  anhydride.  It  is  readily  soluble  in  hot  water 
and  alcohol,  and  crystallizes  from  ether  in  flat  prisms,  melting 
at  93**— 94°  (Tiemann  and  Herzfeld). 

Parahydroxyhenzaldoxime,  CeH^(OH)CBL=NOH,  forms  odoni- 
less,  wliite  needles.* 

CTilaroparahydroxyhenzaldehyde,  C«H5C1(0H)CH0,  crystallines 
from  hot  water  in  silky  needles  melting  at  148' — 149** ;  its  aqueous 
solution  is  coloured  violet  by  ferric  chloride. 

Brotiwparahydroxyhenzaldehyde,  C^H^(OH)CHO,  is  ab3a<)st 
insoluble  in  water,  crystallizes  from  alcohol  in  long,  strongly 
refractive  needles,  melting  at  179** — 180^  and  does  not  give  anj 
colouration  with  ferric  chloride. 

lodoparahydroxyhenzaldehyde,  C^HjI(OH)CHO,  is  formed 
when  parahydroxybenzaldehyde  is  boiled  with  iodine  and  dilute 
alcohol.  It  is  slightly  soluble  in  water,  readily  in  alcohol,  and 
sejmratcs  from  chloroform  in  white  crystals,  melting  at  198*'— 
109^  On  heating  with  caustic  potash  it  yields  protocatechuic 
acid.^ 

Kitro2>arahydroxyhenzaldehydc,  CgH3(N02)  (OH)CHO.  Maz- 
zara  obtained  this  substance  by  boiling  the  aldehyde  with  dilute 
sulphuric  acid,*  and  Herzfeld  by  adding  concentrated  nitric 
acid  to  a  solution  of  paiahydroxybenzaldehyde  in  concentrated 
sulphuric  acid.^  It  is  soluble  in  boiling  water  and  alcohol,  and 
crystallizes  in  yellowish  needles  melting  at  139° — 140**.  Its 
aqueous  solution  gives  a  fugitive  red  colouration  with  ferric 
chloride.  It  decomposes  carbonates ;  the  potassium  salt,  C^jHj 
(NO^)(OK)CHO  +  HgO,  forms  golden-yellow  tablets. 

^  Barbier,  Bull,  Hoc.  Chim.  xxxiii.  54. 

*  Lach,  Bcr,  Deutsch,  Cfum,  (Jea,  xvi.  1785. 
»  Herzfeld,  ibid,  x.  2196. 

*  Gaz.  Chim.  Ital,  vii.  285. 

»  Ber,  Deutach.  Chan,  Gcs.  x.  1269. 


■         hydro: 

^P        Orthomyd 


SALICYLIC  ACID. 


HYDROXYBENZOIC  ACIDS,  OaH^: 


■\c 


Orthohydroxybenzoic  Acid,  or  Salk'Ylic  Acid. 

2170  The  history  of  thia  important  substance  is  of  special 

interest  because  its  genetic  relations  to  the  benzoyl  and  cinnarnyl 

groups  and  to  indigo  blue  were  known  at  a  very  early  period. 

Piria,  who  prepared  it  in  1838,  by  heating  the  aldehyde  with 

caustic  potaah,^  pointeil  out  that  the  radicals  benzoyl  and  sahcyl 

are  different  oxidation  products  of  the  hydrocarbon  or  radica. 

LCjHj  (p.  285).     Marchand  *  and  Gerhardt  *  found  that  it  is  also 

HR»iued  when  salicin  is  melted  with  potash,  and  is  converted  by 

"ffilute  nitric  acid  into  nittosalicyhc  acid,  which  is  identical  witli 

indigotic  or  anilotic  acid,  a  substance  obtained  by  the  action  of 

nitric  acid  on  indigo  which  had  long  been  faniiUar  to  chemists. 

This  compound  on  fusion  with  potash  at  a  low  temperature 

yields  anthrauilic  acid  (p,  237),  while  Cahours,  by  carrying  out 

the  operation  at  a  higher  temperature,  obtiuned  salicylic  acid ;  *  it 

was  obtained,  together  with  acetic  atid,  in  a  similar  manner 

from  cumaric  acid  by  Delalande,  who  remarked  that  this  latter 

compound  bears  the  same  relation  to  ciunamic  acid  as  salicyhc 

to  benzoic    acid.'      Ettling,  who   prepared   salicylic    acid    by 

oxidizing  its  aldehyde  with  potassium  dichroraate  and  sulphuric 

acid,  found  that  it  can  also  be  obtained  by  beating  the  copper 

salt  of  this  or  of  benzoic  acid,  and  is  therefore  au  oxidation 

I  p^uct  of  the  latter.*     Gerhardt  had  previously  observed  that 

Paalicylic  acid  decomposes  on  heating  into  phenol  and  carbon 

kdioxide,  just  as  anthranilic  acid   is  split  up  into    aniline  and 

vbon   dioxide,     A   series   of  relations   was  thus   established 

kmong  the  following  compounds : 


Bnnxeno 

C,B, 
Pbonol 
O.H.O 

Aoilitie 
C,H,N 


Salicyliu  ncid 

C,H,0, 

Allthraililic  aci.l 

C,H,NO, 


O.H.O, 

Cnmiiiic  ncid 

CoH^Og 


*  Atin.  Chim.  Fhyi.  \x\x.  299  ;  Ann.  Chem.  Pharm.  i 
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Hofmann  found  that  aniline  is  converted  into  phenol  by  the 
action  of  nitrous  acid,  and  suggested  that  anthranilic  acid  would 
probably  yield  salicylic  acid  when  treated  in  a  similar  manner, 
this  suggestion  being  experimentally  verified  by  Gerland.^ 

SaUcylic  acid  was  obtained  synthetically  by  Kolbe  and  Laute- 

mann  by  the  action  of  carbon  dioxide  on  a  mixture  of  phenol 

and  sodium.^     The  former  chemist  found  that  it  is  also  formed 

when  carbon  dioxide  is  passed  over  heated  sodium  phenate,  half 

of  the  phenol  being  set  free  :  * 

.ONa 
2CeH5.0Na  +  CO,  =  C^H.^  +  CgHgOH. 

^COjjNa 

Ethyl  salicylate  may  be  prepared  by  the  action  of  sodium  on 
a  mixture  of  phenol  and  ethyl  cliloroformate  :  * 

/OH 
aHg.ONa  +  ClC0j.aH5 = aH,<  +  Naa. 

NCO^CgH, 

The  acid  is  also  formed,  together  with  parahydroxybenzoic 
acid,  when  a  mixture  of  tetrachloromethane  and  phenol  is  heated 
to  100°  with  alcoholic  potash  (Part  III.  p.  32).*^ 

It  may  also  be  obtained  by  fusing  orthocresol,®  toluene- 
orthosulphonic  acid,^  &a,  with  caustic  potash,  as  well  as  by 
heating  copper  benzoate  to  180°  with  water,®  and  when  sodium 
is  allowed  to  remain  in  contact  with  ethyl  succinate  for  a  long 
time.®  It  has  also  been  observed  as  a  product  of  the  action 
of  hydrogen  dioxide  on  a  solution  of  benzoic  acid  in  sulphuric 
acid.io 

Salicylic  acid  also  occurs  in  nature.  Lowig  and  Weidmann 
detected  it  in  the  flowers  of  Spircea  Ulmaria,  accompanied  by 
salicylaldehyde,  but  did  not  actually  identify  it.  Its  methyl 
ether  is  contained  in  the  ethereal  oils  of  the  various  species  of 
Gaulthcria, 

2 17 1  It  was  formerly  prepared  exclusively  from  the  winter- 

'  Ann,  Ohcm,  Pharm,  Ixxxvi.  147. 

'  Ibid.  cxv.  201. 

'  Jmim.  Prakt.  Ch^m,  [2]  x.  89. 

*  Wilm  and  Wischin,  ZeUschr,  Chcm.  1868,  6. 

*  Reimer  and  Tiemann,  Bcr.  DetUsch.  Chcm.  Gcs.  ix.  1285. 
^  Bnrth,  Ann.  Chem.  Pharm,  cliv.  360. 

7  Wolkow,  ZcUsehr.  Clicm,  1870,  326. 

*  Smith,  Amer,  Chem.  Joiim.  ii.  338. 

*  Herrmann,  Ber.  DeiU^h.  Chcm.  Gcs.  x.  646. 
*®  Hanriot,  Compt.  Rend,  cii  1250. 


een  oil  obtained  from  Gait/ikenii  procumhens  by  saponifying 
ith  potash  and  decomposing  the  product  with  hydrochloric 
Bid.  It  is  now  manufactured  by  Kolbe'a  procena. 
The  calculated  quantity  of  pure  phenol  is  dissolved  in  strong 
Ulfitic  aoda  solution,  the  whole  evaporated  to  dryness  and  the 
idiie  rubbed  into  a  dry  powder ;  this  is  then  gradually  heated 
to  180°  in  a  metal  retort  in  a  cuiTeut  of  carbon  dioxide  which 
9  been  previously  warmed.  After  some  time  phenol  com- 
to  distil  over,  and  is  subsequently  given  off  in  larger 
uantity;  the  temperature  is  then  raised  to  200°,  and  the 
peration  continued  until  no  more  phenol  comes  over.  Tho 
teidue  is  dissolved  in  water  and  fractionally  precipitated  with 
ydrochloric  acid;  resinous  and  colouring  matters  are  first  thrown 
own,  followed  by  tolerably  pure  acid,  which  ia  re-crystallized 
)m  water  and  purified  by  distillation  with  superheated  steam.' 
According  to  another  patented  process,  carbonyl  chloride, 
'hich  is  now  manufactured  on  a  large  scale,  is  passed  into  a 
lixture  of  sodium  carbonate  and  phenate  heated  to  140°,  the 
mperature  being  finally  raised  to  200°.* 
Various  hypotheses  were  proposed  to  explain  the  course  of 
lie  reaction  which  occurs  when  sodium  phenate  is  heated  in  a 
!ain  of  carbon  dioxide.  The  correct  explanation  was  found 
f  R.  Schmitt.*  Pure  dry  sodium  plienate  absorbs  carbon 
loxide  with  formation  o^ sodium phenylcaThonate,  CgHjO.CO.ONa, 
I  a  white  powder  which  is  instantly  decomposed  by  water, 
Itenol  and  sodium  bicarbonate  being  formed.  When  heated  in 
closed  tube  to  120° — 130',  it  is  converted  quantitatively  into 
onOBodium  salicylate.  In  Kolbe's  reaction,  this  complete  decom- 
isitloti  does  not  take  place,  and  the  monosodiuni  salicylate 
acts  with  the  sodium  phenate  at  a  higher  temperature,  phenol 
ring  liberated ; 

0,C,H,  C.H..OH 

NaO.CflH^  +  CO,     =       I  =1 

CO„Na  COjNa. 


-  NaO.O.Hj  =    I  +  C,H,.OH. 

).Na  CO.Na 


COjNb 


Salicylic  acid  is,  therefore,  best  prepared  by  bringing  abso- 
ily  dry  sodium  phenate  into  an  autoclave,  pumping  in  rather 


'  Rnutcrt,  Crnnpt  Raid,  viii 

'  Ibid,  xviii.  Rof.  90. 

»  Jaum.  PraJei.  Chcm.  [21  x; 


more  than  the  calculated  quantity  of  carboa  dioxide,  the 
being  kept  cool  during  the  absorption,  or,  better,  addiog  it 
the  sulid  form,  agitating  fur  aome  time  and  then  heating 
120°— 130°.' 

aiya  Sali-ylic  acid  has  a  slightly  acid,  astringent  and  at  the 
samo  time  aweet  taate ;  it  diasolves  slightly  in  cold,  more  readily 
in  hot  wat«r,  from  which  il  cryatallizea  in  fine  needles,  while  it 
is  deposited  in  mouoclinic  prisms  from  an  alcoholic  solution 
which  ia  allowed  to  evaporate  spontaneously. 


100  ports  of  water  dissolve  at : 
0"  in" 

0-085  0-225 


100° 
7'!)25  parts. 


Absolute  alcohol  and  ether  diBsolve  about  half  their  weight  of 
the  acid ;  ^  it  is  also  readily  soluble  in  chloroform,  differing  in 
this  respect  from  its  isomerides,  and  is  dissolved  by  solutions 
of  the  acetates  and  citrates  of  the  alkali  mctab.^ 

Its  aqueous  solution  is  coloured  deep  violet  by  ferric  chloride ; 
free  acids,  especially  acetic  and  hydrochloric  acida,  hinder  the  re- 
action* It  prevents  the  precipitation  of  copper  salts  by  alkalis, 
while  its  isomerides  have  not  this  property.''  Strong  buihng 
nitric  acid  converts  it  into  picric  acid,  and  chromic  acid  oxidizes 
it  to  water,  carbon  dioside  and  a  little  formic  acid.* 

It  melta  at  155° — 136V  and  sublimes  on  gradual  heating,  but 
partially  decomposes  into  carbon  dioxide  and  phenol  when 
rapidly  heated.  It  is  completely  split  up  when  heated  to 
250° — 260°  for  two  hours  in  a  sealed  tube;  on  cooling,  the 
compound  of  these  two  substances,  which  has  already  been 
described,  separates  out  (Part  HL  p.  102).*  This  decomposition 
also  occui's  when  the  acid  is  heated  for  a  long  time  to  220° — 230° 
with  water,  and  more  rapidly  in  presence  of  hydrochloric  acid  at 
140° — 150°."  Sodium  amalgam  only  acts  upon  it  in  acid  s 
tion  ;  a  resinous  substance,  probably  aaliretin,  being  formed.*' 
order  to  teat  the  purity  of  salicyUc  acid,  a  piece  the  size  of  a  p 

'  Ber.  IViuWl.  Chem.  Oa.  ivii.  Bef.  flB*  ;  SchmiH,  lor.  cil. 
'  On  SolaliiUty,  4c„  we  Oet.  /u«m.  Prakl.  Chem.  (2J  ivii.  232  ;  BoHiwifcl 
BulL  Soe.  Chim.  xxix.  247 ;  xxxl  57. 
'  Bother,  Pkarm.  Jaurn..  Trara.  1886,  828. 

*  I^igliftiii,  Btr.  DoOkK.  Chcm.  Ga.  xii.  386.  *  Wcith,  ibid.  ix.  tUi.  L 

*  iiraut,  ^nit.  Chem.  Fharm,  cl.  S.  '  Hiibour,  ibid,  elxU.  7m 
'  Klepl,  Jmim.  Prakt.  Chem.  [2]  xxv.  «B1  ^ 
'  OralM,  iftii.  cxisix.  H3. 

'•  VBlJ.-a,  JaiiTK.  Prakl.  Chem.  [2]  xv.  104, 
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BIb  ground  up  with  five  ccs.  of  concentrated  sulphuric  acid,  in 

■  vbjcb  it  should  form  a  perfectly  colourlesa  solution.'    Its  alcoholic 

olution   evaporated    on    a    watch-glass  should    yield    perfectly 

r  and  colourless  crystals  :  if  they  are  yellow  or  brown,  the 

mple  contains  admixed  resins  or  colouring  matters,  while  if 

fliey  are  pink  or  violet,  iron  is  present. 

As  saUcylic  acid  decomposes  so  readily  into  carbon  dioxide  and 

"lenol,  Kolbe  considered   that  it  would,  like  tlie  latter,  be  a 

werful  antiseptic,  and  subsequently  verified  this  conclusion  by 

experiment.     It  baa  very  rapidly  come   into   favour   both   for 

technical  and  household  purposes,  and  is  preferable  to  phenol 

because  it  has  no  smell  and  is  not  ptiisonous.     Its  isomerides, 

P«ccording  to  Kolbe,  are  not  antiseptics.*     Sahcylic  acid  is  also 

mployed  in  medicine,  both  for  external  and  internal  appUcation. 

leveral  physicians  have  observetl  that  the  acid  prepared  from 

Inter-green   oil    acta    more    powerfully   than    that    obtained 

icially,  but  this  may  possibly  bo  due  to  the  fact  tliat  the 

md  which  first  came  into  the  market  contained  a  considerable 

mount  of  impurity.^ 

ai73  The  Salicylates.     Salicylic  acid  was  first  thought  to  be  a 

pionobasic  acid,  but  was  afterwards  regarded  as  dibasic.     Firia 

Du  this  point;  "  SaUcylic  acid  differs  in  a  most  striking 

tanner  from  other  monobasic  acids  in  forming  acid  el  hers,  which 

!  more  fitly  compared  with  the  acid  ethers  of  polybasic  acids 

lan  with  the  neutral  ethers.     In  the  course  of  researches  which 

I  have  instituted  upon  this  question,  I  have  succeeded  in  finding 

Sie  cause  of  this  exception,  or  rather  in  showing  that  the  behaviour 

this  acid   is    not   exceptional.      Sahcylic   aeid,   which   has 

^therto  been  looked  upon  as  monobasic,  is  actually  dibasic,  and 

pery  markedly  so ;  it  forms  salts  with  two  equivalents  of  a  base 

*B0  readily  that  it  is  singular  tliat  tliey  have  remained  so  long 

unnoticed.     In  the  following,  I  shall  call  salts  containing  one 

equivalent  of  base,  which  have  been  previously  described,  acid 

,  salicylates,  and  those  discovered  by  me,  containing  two  equivalents 

mtX  base,  neutral  salicylates."  * 

This  view  was  accepted  by  most  chemists,  but  Kolbe  con- 
>jndered  it  to  be  a  monobasic  hydroxy-acid.     Further  researches 
wn  that  it  ia  both  a  monobasic  acid  and  a  phenol,  and 

'  Hsger,  Fracnitu'  Zeitmhr  xvi.  SSS.  

'  Joiim.  PntjH.  Ca™i.  [2]  xi.  B. 

'  Willkma,  YmTbookof  Pharm.  1881,  4'21, 

•  An*.  Otan,  Pharm.  xciii.  282. 
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therefore  coatains  two  hydrogen  atoms  which  are  easily  replace^ 
by  metals.  The  salte  thus  obtained  are  usually  called  \ 
salicylates,  while  those  formed  hy  the  replacement  of  th« 
hydrogea  of  the  carboxyl  group  are  kiiowu  as  uorraal  salicykteaj 
The  latter  have  recently  been  carefully  esamiued  by  Miloue.' 

Potassium,  salicylate,  CgHj(OH}CO^K,  is  obtained  by  dissolvi  _ 
the  acid  in  potassium  carbonate  solution,  evaporating  and  ex-" 
tnvcting  the  residue  with  alcohol.     It  is  deposited  in  needles  ( 
the  spontaneous  evapfiration  of  its   aqueous  solution.     V^ei 
heated  to  210° — 220°,  it  decomposes  quantitatively  into  I 
potassium  parahydroxybenzoate,  phenol  and  carbon  dioxide  : 

yOn  ,0K 

2C.H/  =  C,H,<  +C„H,.OH+CO„ 

^COgK  ^CO^K 

If  a  solution  of  one  molecule  of  the  acid  and  two  molecule 
of  caustic  potash  be  evaporated  to  dryness,  and  the  residue 
heated  to  220°,  the  basic  salt  of  parahydroxy benzoic  acid  is  a' 

formed,  together  with  phenol : 

.OK  .OK 


^CO,K       ■  '     ^CO.K 


2C' H,<  +  H,0  =  C.H,<  +  aH..OH  +  K,CO-. 

\r"-  "  X^^  —  n       a- 


If,  however,  three  or  more  molecules  of  potash  are  employ* 
the  salicylic  acid  is  not  changed ;  if  four  are  taken,  compU 
decomposition  into  carbon  dioxide  and  phenol  sets  in  at  3(1) 
while  in  the  presence  of  six  molecules,  the  acid  remains  qui) 
unaltered  even  at  this  temperature*  Rubidium  salicyl 
behaves  in  a  precisely  similar  manner  on  heating.' 

Sodium  salicylate,  CaH,(OH)COjNa,  forms  silky  tablets  o 
crystalline  powder,  and  has  an  unpleasant  sweet  taate. 
dissolves  in  its  own  weight  of  water  and  is  used  in  medicine. 
On  heating  to  above  200°  phenol  and  carbon  dioxide  are  given 
otf,  the  basic  salt  rein^ing  behind,  but  not  a  trace  of  the  para- 
acid  is  formed  even  at  300°.  When  salicylic  acid  is  heated  to 
this  temperature  with  four  molecules  of  caustic  soda,  it  decom- 
poses into  phenol  and  carbon  dioxide,  while  if  eight  molecules 
are  added  the  greater  portion  of  it  remains  unaltered  (Ost). 

'  Gm.  Chim.  llal.  XV.  21S. 

'  Ost,  JoHrv.  Pratt.  Chtm.  [3]  IJ.  31(1. 

»  V.  d.  Volden,  Ifcid.  [3)  i».  151. 
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Inversely,   sodium    parahydroxybenzoate    is   converted    into 

I  basic  sodium  salicylate,  phenol  and  carbon  dioxide,  wlien  it  ia 

heated  to  290°  in  a  current  of  carbon  dioxide,'  while  hydroxy- 

isophthalic  acid,  CaHj,fOH)(COjH)g,  and  bydroxytrimeaic  acid, 

CgH2(OH)(C'0,H)j,  are  formed  at  temperatures  above  300°. 

When  equal  molecules  of  salicylic  acid  and  its  normal  salt 
are  dissolved  in  alcohol  and  the  solution  concentrated,  hard, 
clear  crystals  of  C,HaOj  +  CjHjNaOi,  are  obtained,  which  are 
converted  by  water  into  pseudomorphs  of  salicylic  acid.' 

Lithium,  salicylate  is  converted  into  the  basic  salt  at  SOD" 
I  without  any  formation  of  parahydroxy benzoic  acid. 

Thallium  salict/hite,  CaH,(OH)COjTl,  ia  obtained  by  neutra- 
I  hzing  the  acid  with  thallium  carbonate ;  its  hot,  concentrated 
I  Bolution  deposits  coarse  needles  on  cooling.  If  the  calculated 
quantity  of  thallium  hydroxide  be  added  to  the  solution,  the 
basic  salt,  C,H/0T1)C0  Jl,  separates  out  in  yellow,  nacreous, 
rhombic  tablets,  which  are  only  very  slightly  soluble  in  water. 
This  compound  is  also  formed,  together  with  phenol,  when  the 
normal  salt  is  heated  to  300°,  while  at  a  higher  temperature  the 
salicylic  acid  ia  partially  converted  into  parabydroxybeuzoic 
acid  and  hydroxyisophthalic  acid  (v.  d.  Velden). 

Amtnonium  salicylate,  2CflH,(0H)C0jNH,  +  HjO,  forms 
I  leadily  soluble,  monoclinic  crystals ;  when  heated  in  a  current  of 
I  Mnmoni?  it  decomposes  into  phenol  and  ammonium  carbonate. 
[  The  mcthylamine  and  aniline  salts  behave  in  a  similar  manner, 
I  while  tetra-ethylammonium  salicylate  decomposes  on  heating 
I  into  tri-ethylamine  and  ethyl  salicylate.^ 

CaUnum,  talicyiale,  CCjH50,)jCa  +  2HjO,  is  readily  soluble  in 
nter,  and  crystallizes  in  octohedra ;  when  it  is  heated  with  a 
hition  of  calcium  sucrate,  or  when  salicylic  acid  is  heated  with 
,  excess  of  milk  of  lime,  the  basic  salt,  C;H,OjCa  +  H^O,  ia 
Ei>rmed  as  a  sandy,  crystalline  powder,  which  is  almost  insoluble 
D  water  and  has  an  alkaline  reaction  (Piria). 

Barium  salicylate,  (CjHjOsljBa  +  HjO,  is  obtained  by  boiling 
the  acid  with  water  and  barium  carbonate ;  it  crystallizes  in 
stellate  aggregates  of  silky  needles.  When  baryta  water  ia 
.  added  to  its  boiling  concentrated  solution,  the  slightly  soluble, 
iJkaline,  basic  salt,  OjHiO^Ba  +  SH^O,  separates  out  in  small 
lates  or  needles. 


*  Kll[di!rberg,  Joutk.  Frakt.  Cheai..  [3]  ivL  iSI. 
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Lead  salwylate,  (CjHjOgjjPb  +  HjO,  separates  fTX>m  boilii 
Wfttcr  in  transparent  crystals ;  when  it  ia  boiled  with  water,  t 
when  lead  acetate  is  added  to  its  hot  solution,  a.  slightly  soIuUa 
crystalline  precipitate  of  CjHjOjPb  is  formed.  If,  howevai 
ammonia  be  added,  and  the  solution  boiled,  the  basic  i 
2(CjH,0g)Pb  +  3PbO,  is  formed ;  it  is  a  light  powder  cousistii^ 
of  micaceous  plates. 

Copper  salicylate,  (C,HsOj)jCu  + +11,0,  is  best  prepared  1 
decomposing  the  barium  aalt  with  copper  sulphate ;  it  crystal 
lizes  in  long,  bluish  green  needles,  wliich  are  readily  soluble 
water,  and  on  boiling  with  it  form  the  basic  salt,  C^H^O,Gu  +  HjC^ 
which  is  a  yellowish  green  powder. 

B(i3ic  co2>i>er  potamum  salicylate,  C-H,0jCu+CjHjO3K,+ 
4H2O,  is  formed  by  adding  salicylic  acid  to  a  solution  of  coppe 
tartarate  in  tolerably  strong  caustic  potash ;  a  green  masa  < 
crystals  is  formed,  which  ia  dried  on  a  porous  plate  and  ; 
crystallized  from  a  little  lukewarm  water.  Small,  emerald -greeq 
rhombic  tablets  are  thus  obtained,  which  are  insoluble  in  alcohoj 
and  form  a  dark  blue  solution  in  caustic  potash.  When  thi 
aqueous  solution  is  boiled  it  becomes  colourless  and  deposit 
black  copper  oxide.  Barium  chloride  produces,  on  standing,  1 
green,  crystalline  precipitate  of  C,HP3Cu+CjH,0,Ba  +  4HiO. 

Silver  salicylate,  CjHgOjAg,  is  a  precipitate  which  crystalliea 
from  boiling  water  in  very  lustrous,  transparent  needles. 

Borondiaalitylie  acid,  B(0H)(0CgH4.C0,H)j,  is  not  known  ill 
the  free  state ;  its  sodium  salt  is  formed,  along  with  free  bona 
acid,  when  four  molecules  of  salicylic  acid  are  added  to  a  boiling 
solution  of  one  molecule  of  borax,  as  well  as  by  dissolving  a 
mixture  of  equal  molecules  of  boric  acid,  salicylic  acid  and 
sodium  salicylate : 


-  B(         +  HO.CgH,.CO,H  +  HO.C„H,,COgNa  = 
\0H 

,OC.H,.CO,H 
HO-B<  +2H„0. 


\0CgH,.C0sNa 


I 


It  forms  crystalline  crusts  and  is  readily  soluble  in  hot  water 
and  alcohol.  Its  aqueous  solution  turns  turmeric  paper  brown, 
reddens  litmus  paper,  and  is  coloured  violet  by  ferric  chloride ; 
hydrochloric  acid  gives  a  precipitate  of  salicylic  acid.      SevenJ  J 


METHYLSALICYLIC  ACID. 


ather  of  its  salts  bare  been  prepared ;  its  barium  salt  is  only 
slightly  soluble  in  boiling  water.^ 

ai74  Methyl  mlu-yiaU,  C,H,tOH)COj.CHg.  Caliours.  in  18+3. 
iovind  tbat  winter-green  oil,  obtained  from  GauUkeria  jrroaiimbtns 
(CJamadian  tea),  one  of  the  Ericaceae,  which  occurs  abundantly  in 
t  tie  north  of  the  United  States  and  in  Canada,  consists  of  this 
(-■ompouud  together  with  small  quantities  of  a  terpene,  and  he 
P-r--«pared  the  ether  by  distilling  salicylic  acid  with  wood-spirit 
a.»:».4l  sulphuric  acid  in  order  to  compare  the  two  products*  Since 
a.;^  a  phenol  it  forms  metallic  salts,  it  was  qalled  gaultheriaic 
»«=id  and  methylaalicylic  acid,  the  latter  name  being  now  given 
to    the  following  compound. 

The  ethereal  oils  of  GauHkeria  jmnelala  and  GauKkeria 
l^^'-xdcacaTpa,  which  grow  on  the  summits  of  extinct  volcanoes 
i "«::».  Java,'  and  of  Andromeda  LecJif.nauUii.  one  of  the  Ericaceae, 
%"^l])ch  occurs  abundantly  in  the  Neilgherry  Mountains  in  India,* 
t^oxsist  almost  entirely  of  methyl  salicylate. 

It  is  a  liquid  with  a  pleasant,  refreshing  odour,  and  boils  at 
2 1-7°.  Winter-green  oil  is  largely  used  in  America  as  a  perfume  ; 
^liat  obtained  artificially,  by  heating  salicylic  acid  with  methyl 
Alcohol  and  sulphuric  acid,  does  not  possess  the  fine  odour  of  the 
■Natural  product. 

Methylsalicylic  acid,  CoH,(OCHj)COjH.  Cahours  obtained 
^Qe  methyl  ether  of  this  compound  by  the  action  of  methyl 
J"^*<iide  and  caustic  potash  on  wiuter-green  oil  It  is  a  liquid 
"'filing  at  244° — 246°  (Schreiner).  In  order  to  prepare  the  acid, 
'"^^o  parts  of  methyl  salicylate  are  heated  to  100° — 120°  with  ono 
I*^*^  of  caustic  potash  and  three  or  four  parts  of  methyl  iodide, 
**c  product  distilled  in  order  to  remove  methyl  alcohol  and 
^^cthyl  iodide,  and  the  residue  then  extracted  with  caustic  soda 
'***'l  precipitated  with  hydrochloric  acid.  Any  adhering  salicylic 
r"^**!  is  removed  by  boiling  with  an  excess  of  milk  of  time, 
*^ Soluble  basic  calcium  salicylate  being  precipitated,  while 
'^'^Icium  methylsalicylate  remains  in  solution,  and  is  then 
'^H^omposed  by  hydrochloric  acid.' 

JUethylsalicyUc  acid  crystallizes  from  hot  water  in  large, 
^lonoclinic  tablets,  and  from  alcohol  in  prisms,  which  melt  at 
"S'S"  and  decompose  above  200°  into  carbon  dioxide  and  anisoL 


'  Jahtis,  Arch.  F/uirm.  [3]  liL  ' 

*  Ann.  Chem.  Flmnn.  Jtlriii.  8: 

*  da  Vry,  Phann.  Jaunt.  Tran 


i  liii.  827. 

.  [3]  ii.  503  ;  Knhler,  B'r.  Dcutach.  Chtm.  am. 
Braugliton,  F/uinK.  Juurn.  Tniaa.  [3]  ii.  281. 
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On  heating  with  concentrated  hydrochloric  acid,  it  is  resolved 
into  salicylic  acid  and  methyl  chloride;  hydriodic  acid  has  s 
similar  action. 

The  sodium  salt  of  the  add  is  formed,  together  with  a  little 
of  the  methyl  ether  and  sodium  salicylate,  when  winter-gre^n 
oil  is  heated  with  sodium : 


CeH,.ONa        C«H^.OH        CeH^.OCH,        CeH,.OH 

I  +    1  =    J  +1 

C0,.CH3  CO^CH,        CO^CHj  CO^a. 


Two  molecules   of  the  sodium  compoimd  then  react  in  a 

similar  manner: 

CeH.ONa        CO^CH,  C^,.OCH,  CO,Na 

COyCHj  c!eH,.ONa    ""  CO^Na  CeH,.OCH,. 


ETHEREAL  SALTS  OP  SALICYLIC  ACID. 

iieltiog  BoOing 

point,  point 

« Ethyl  salicylate,  CeH^(0H)C0g.C2H^  Uquid     —  22y 

3  Propyl  salicylate,  C^R^(qB)CO^,G^H^,         Uquid     —  239" 

*  Amyl  saUcylate,  CeH^(OH)CO,.CgHii,  Uquid     —  270" 

^  Ethylene  salicylate,  {G^K^{OB)GO^fifi^,  needles     83**      — 
«  PropcDyl  saUcylate,  CeH^(OH)CO  jC,Hj(OH)  j,  Uquid  —      — 


SALICYLIC  ETHERS. 

Melting-point 

7  Ethysalicylic  acid,  C^K^{OGfi^GOfi,  graduaUy  )      jg.^o 
soUdifying  oil j 

®  IsopropykalicyUc  acid,  GQ^^{OGJELf)GOfi,  liquid  .        — 

» BenzylsalicyUc  acid,  GQE[JoGjB^)GOiR,  smaU  tablets      75' 

10  EthylenesaUcyUc  acid,  CeH^COCeH^.COjH)^,  long  1  i-io^y^i' 
needles j-    o        o- 

^  Ann,  Chcm.  Pharm,  cxlii.  827. 

*  Baly,  ibid.  Ixx.   269 ;   Schrciner,   ibid,  cxcvii.   17  ;   Gottig,   Ber.  DeuJtwk. 
Chem.  Ges.  ix.  1473.  »  Cahours,  Jahresb.  Chem.  1874,  8S3. 

*  Drlon,  Ann.  Chem.  Phann.  xcii.  818.       »  Gilmer,  ibid,  cxxvii  877. 
«  Gottig,  Ber.  Deutach.  Chem.  Oes.  x.  1817. 

'  Kraut,  Ann.  Chem.  Pharm.  cl.  1  ;  Gottig,  Ber.  Deuteek.  Chem.  Oes.ix.  1474. 
«  Kraut.  •  Perkin,  Jotim.  Chem.  Soc,  xxi.  126. 

^^  Weddige,  Joum.  Prakt.  Chem.  [2]  xxi.  128. 


ETHYL  METnYLSALICYLATE. 


ETHEREAL  SALTS   OF  SALICYLIC  ETHERS. 

Boiling-point. 

•  Ethyl  iDBthylmlicykta,  C,H,{OCH,)CO,.C^,.   .         260' 
•Methyl  etliylsaIicylate,C,H,(OC,H,)CO,,CH^    .    256"— 257' 
»  Ethyl  ethyIsaUcyhite,CoHj(OC,H5)CO,.CjH5,      .    258°— 259° 

*  Methyl  iaopropylaalicylate,  CaH,(0CgHj)C0j.CH3.        250° 
'Methyl heiizyliialicyl!ite,C,H,(0C,H,)CO,.0Hs,alx>ve  320" 

Melting-jiomL 
|«Etliyl  ethylenesalicykte,  C^K^iOG^B^.CO^C^n^^, )  gg"— 9r 
thick  plates } 

^JPkenpl  salicylate,  C^^{GR)CO^.Q^Yi^.  Seifert^  obtained  this 
lapoutid  by  heating  salicylic  acid  and  phenol  with  phosphorus 
lychloride : 

2C(H,C0H)C0jH  +  SC^Hj.OH  +  POCl,  — 

2CaH/0ir)C0,.CeH,  +  3HC1  +  HPO,. 

L  better  yield  is  obtained  by  employing  the  sodium  salts ;  this 
lereal  salt,  known  as  salol,  ia  manufactured  by  heating  the 
duct  of  the  fu;tion  of  carbon  dioxide  on  sodium  phenate  witli 
Kphorus  pentachloride  or  oxychloride  : 

CaH/OH)CO,Na+  C^Hj.ONa  +  P01,= 

CeH/OHJCOj-CaHs  +  2Nfta  +  POClj. 
2C«H^(0H)C0jNa+ 2CrtHs.0Na+ POClg  = 

2CflH,(0H)C0  j-C^Hj  +  3NaCl  +  NaPO^. 

Salol  crystallizes  in  rhombic  prisms,  whioh  arc  odourless  and 
^melt  at  42° — 4i25'';  the  dilute  alcoholic  solution,  however,  has 
a  smell  resembling  that  of  winter-green  oil.  It  is  employed  in 
medicine  as  a  substitute  for  salicylic  acid,  because,  aa  it  ia  not 
deoomposed  until  it  reaches  the  duodenum,  it  does  not  attack 
the  stomach  like  the  former :  when  applied  externally  it  has  no 
corrosive  action,  and,  on  account  of  its  lower  melting-point,  it 
can  be  more  conveniently  used  for  dressings,  &c.,  than  salicylic 
acid. 

'  Oiiibe  ;  Stlireiner  j  Uie.  cU.  '  Schreiiior  ;  tx.  rit. 

*  Giitliu  ;  Sohreiner  ;  loc.  ciC,  *  Kraul  ;  lee.  M. 

^  Ptrhiu  ;  loe,  eil.  *  Wcddige  i  loe,  eil. 


»  Joun.  Pntkl.  Chem.  [2]  x: 


■s.  % 
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J«  -wji.  Tiii^lttjsai^'muiit.  CyH^  OCH^lOO^C^H^jjWas  prepared  by 
Seji-jn  n.  ai  smiiiur  -wignTww  •  ±i  arsuUues  in  six-sided  prisms, 

,ary-*.i>w;*>.'t.  arui  C,H^'O.OO.CH^<X)jH,  is  fcnrmed  by  the 
m^niiu  if  a:^^!  rTiiinftf  ol  mskhcyhc  acid  or  its  sodiom  salt,  and 
?^-tig;A.rT'.-w>g  iTitzL  iuc  moar  in  £zie  needles,  melting  at  118°— 
IL>'^'?:  Jis^  fi^uein^  nohzsian  frii'es  m  Tiolet  oolouration  with 
>.cmr  ;*ixiiiriat  ^voifa:  xb^  »cid  is  bested  wiih  ammonia,  ammo- 
1.1  un.  skiK^ifii^  15  iarmeo.  fact  no  salicrlamide  (Kraat). 

5a/t-3N.     .^  y-ruif^..    CB_  <rH.CC\,  is  formed  when 

ssJirvL:  arj£  j?  ii£!ss^i  "i^'  IJiT — 1^"^  for  a  long  time  with  an 
t^.^^^  tt  rij.iirkl  Ii  35  insrihiUe  in  wtXer^  slightly  soluble  in 
jJ.MiKil  sai£  sciior  u>£  crisialiiBes  from  the  latter  in  {dsms, 

J»^v.  .  #1  .,  fl.-i/C.  O^H^OOjH^.O,  This  compound,  which  is 
vsc  .-^s^jzc  skijrrbf  tTrrvjiiife.  cr  salicrlasalicTlic  acid,  was  ob- 
XL.i!;^i  V  L^triiSir^  Vr  i2ir  af*D«i  of  phosphoros  oxychloride  on 
^^.--  i.XL  Ski  K  r : •; T^'.  * 

1;  15  jksc  i\ni>i*i  vi«i  acierrlsaliCTlic  add  is  heated,  or  when 
Skb:}--:  i.-t3.i  ::<  iei^c^i  3:c  i>  joci:  tame  to  130* — 140**  with  acetyl 
.iJ-.tTj..-.^  I:  i?  jkT  ir^.mibvvjs  mass,  which  dissolves  in  the 
jkliL.Cijf  ."irS:c*i:<;^  Aiii  25  repa>Kspitated  by  acids.  It  gives  no 
vr.-:-.::ri:D:c  -*::!!:.  rVcr^r  ciicciir:  aqueous  ammonia  converts  it 
— 10  ssLl:.'vl.Ar::::ii  joi  anriicminm  salicylate,  while  potassium 
5yLl::ylA:c  i>  r.nvn^i  by  tbe  action  of  caustic  potash. 

>:.>.-y  ,.;\.  v\H  O^  :<  ivVT:ii\l  bv  hv^itiiiir  salicvlic  acid  with 

OH  O 

^:"*X  =^"*  >  +  H,0. 

^CO.OH  00^ 

It  cnsTalliz^-s  from  al^s^^^lute  alcohol  in  spherical  aggregates  of 
lustrous  plut<^,  which  melt  at  195' — 200';  it  gives  no  colour- 
atiou  i»-ith  ferric  chloride,  and  is  converted  into  salicylic  acid  by 
the  action  of  caustic  potash.* 

Trtramlicylidf,  Q^^B^^^O^.  is  formed  at  the  same  time  as  the 
preceding  compound,  and  is  a  resinous  mass  insoluble  in 
alcohol. 

I  Wallach,  Ann,  (Jhtm,  Phann.  cxcvii.  41.  «  Jbid.  Ixxxvii.  159. 

Kraut,  ibid.  cl.  13.  4  gdufl;  i^jrf.  clxiiL  220. 


SALICTLHYDROXVACETIC  ACID. 

Salieylhydroxyacftic  acid.  C(|H,(0CH,C0,H)C0jH,i3 obtained 
by  oxidizing  ortho-aldehydophenoxyacetic  acid  (p.  289)  with 
(lotassium  pennaQgHDate.  It  crystallizes  from  hot  water  in 
white  needles,  melting  at  186* — 187°.  It  forma  readily  soluble 
salta  which  crystallize  well.' 

2175  The  Adwn  of  Phogpkonis  PfTiiachlorid^  upon  Salicylic 
^4cid.  As  already  mentioned.  Chiozza  found,  in  1852,  that  when 
sJicylic  acid  ia  treated  with  phosphorus  pentachloride  and 
the  product  distilled,  the  diatillate  yields  orthochlorobenzoic 
a-cid  when  treated  with  water  (p.  217),  Gerhardt  repeated  this 
experiment,  and  found  that  the  liquid  before  distillation  is 
^udicyl  chloride,  C,HjOjCl,  as  it  is  converted  by  water  into  sali- 
•ziylic  acid,  and  by  alcohol  into  an  ethereal  salt  of  this ;  he  also 
obtained  it  together  with  methyl  alcohol  by  treating  winter-green 
«zxil  with  phosphorus  pentachloride*  Drion  made  the  further 
<i>baervations  that  only  a  trace  of  phosphorus  oxychloride  is 
formed  in  this  reaction,  and  that  a  portion  of  the  product  ia 
«3onverted  into  ehlorobenzoyl  chloride  by  distillation.* 

Couper,  however,  obtained  different  results.     He  acted  upon 

«Dne  molecule  of  methyl  salicylato  with  two  molecules  of  phos- 

^^horiis  chloride,  and  distilled  the  resulting  liquid ;  the  excess  of 

~*he  chloride  canje  over  first,  followed  by  a  liquid  distilling  between 

■  .^£85° — 2it5'',  to  which  he  gave  the  name  of  ealicyl  trichlorophos- 

iphate,  explaining  its  formation  by  the  following  equation : 

CgH,Os  f  PClj  =  HCl  +  CH3CI  +  CjHjCljPO,. 

Thia  compound,  which  he  also  obtained  from  salicyhc  acid,  is 
composed  by  water  into   hydrochloric  acid,  phosphoric  acid 
l^aud  salicylic  acid  ; 

CjH.ClaPO,  +  4H,0  =  3HCI  4-  H.POj  +  0,HgOs. 

When  he  submitted  it  to  rapid  distillation,  a  considerable 
quantity  of  hydrochloric  acid  was  evolved,  and  the   distillate 

'  consisted  of  a  liquid  boiling  above  300°.  which  deposited  large 
crystals   of  salieyl  vwnockloropkosphate,  C,H^C1P0^,  when   pre- 

'  served  in  a  sealed  tube ;  this  substance,  like  the  triclilorophos- 
phate,  is  converted  into  phospkosalieylic  acid,  CjHjPOg,  in  moist 
air.      He   therefore   considered   that  the   existence  of   Balicyl 


'  HoBsing,  Ber.  DeaUeh.  Chem.  Oei.  i 
'  Ann.  (-a™..  Pharm.   Ixixii.  363. 
•  Ibid,  xciu  313. 
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cblorophosphate  and  is  orthocarbonjlpbenylphoBphoTyl  chloride, 
med  according  to  the  following  equations : 


C,H,  <  +  PCI.  =  C.H,<  +  POCL  +  H.O. 

\CO.OH  ^COCl 

The  phosphorus  oxychloride  then  acta  upon  the  salicyl  chloride 
t  as  it  does  upon  phenol : 

,0H  /O.POCL 

C-H,<  +  POCL  =  CoH.<  +  HCl. 

^COCl  ^COClj 

The  pure  chloride  diatila  at  285° — 295°  under  the  ordinary 

If  it  be  submitted  to  alow  distillation,  a  mixture  of 

!oaphoru8  oxychloride,  orthochlorobeazoyl  chloride  and  ortho- 

lorotribeDzenyl  chloride  is  obtained,  boiling  at  270° — 290°.     If 

distillation  be  now  continued  under  dimiiUBhed    pressure, 

Couper's    salicyl   monochlorophoaphate,   or  orlJiochlorocarbonyl- 

phenyt  metapkoepkate  passes  over;  it  is  formed,  together  with 

OTthochlorobeitzoyl  chloride,  according  to  the  following  equation : 


/O.POCL  ,C1  /OPO, 

I  2C.H.<  =C-H.<  +C„H,<  +POCL. 

\C0C1  ^COCl  ^COCl 


^^fcooling  to  crystals,  which  melt  at  30  . 

The  chloride  is  decomposed  by  a  small  quantity  of  water  into 
hydrochloric  acid,  phosphoric  acid  and  salicylic  acid ;  in  moist 
I  the  other  band,  or  on  distillation  with  anhydrous  oxahc 
Idd,  it    is    converted    into    orthocblorocarbonylphenyl    meta- 
Mphate: 

,OP0CL  .Ol'Oj 

C.H/  +CA0.  =  C-H,<  +2HC1+C04-CO,. 

\C0C1  ^COCl 

It  disBolves,  however,  in  a  large  quantity  of  cold  water,  with 

mation  of  ort)ioca7hoxylphffn.ylphosphoric  acid,  CjH^(CO.OH) 

pPO(OH)j.  which  on  evaixiration  in  a  vacuum  over  soda  hme 

i  a  cryBtalline  mass,  which  melts  at  1*7°  and  is   readily 

oluble  in  water. 

If  the   chloride   be   heated   to  166° — 170°  with  phosphorus 

mtachloride,  hcnzenyltridilorophosphoryl  ddoridc,  CyH^(OPOCl£) 


CCl,,  is  formed ;  it  is  a  powerfully  refractive  liquid,  whicli  boila 
at  178° — 179'  under  a  pressure  of  11—12  mm.,  and  is  not  con- 
verted by  water  into  hydrosybenzenyl  trichloride,  as  might  have  ■ 
been  expected,  but  into  phosphosalicylic  arid. 

When  it  is  heated  with  phosphorus  chloride  to  180°,  ortho-  I 
chlorobenzenyl  trichloride  is  formed  :  * 


,OPOCL 
CgH  /  -^  PCls  =  C^H  /  +  2P0CV 


^CCl, 


/CI 


21-J6  Salicylamide,  CbHj(OH}CO.NHj,  is  obtained  by  the  I 
action  of  concentrated  nmmoiua  on  methyl  salicylate ;  *  it  cry-  J 
Btallizea  from  ether  in  lustrous,  yellow  plates,  melting  at  142°,'  I 
and  sublimes  when  carefully  heated.  As  a  phenol  it  forms  j 
metallic  salts ;  its  ethers  are  formed  when  ammonia  is  allowed  to  \ 
act  upon  the  ethers  of  salicylic  acid, 

Senxoylsalieylamidc.,  C,Hf,(O.CO.CflHs)NHj,  is  formed  when  1 
salicylamide  is  heated  to  180°  with  benzoyl  chloride,  or  fused  J 
with  benzamide.*  It  is  slightly  soluble  in  alcohol,  but  almost  \ 
insoluble  in  ether,  and  crystallizes  in  needles  melting  at  200°. 

Discdicylamide,  (CbHj(OHJCO)jNH,  is  prepared  by  beating 
salicylic  acid  in  a  current  of  hydrochloric  acid.     It  crystallizes 
in  yellowish  white  needles,  which  resemble  asbestos  in  appearance, 
and  melt  at  197° — 19!)°  with  partial  decomposition;  it  is  in-  ■ 
soluble  in  water,  but  readily  dissolves  in  alcohol  and  alkalis.  The  1 
alcoholic  solution  is  coloured  red  by  ferric  chloride.' 

SalicylanUide.  CaH.(0H)C0.NH(C(,H5),  is  obtained  by  gently  J 
warming  aniline  with  salicylic  acid  and  then  gradually  adding  I 
phosphorus  trichloride  to  the  cooled  mass.  It  crystallizes  from  I 
dilute  alcohol  in  small  prisma,  melting  at  134° — 135°;  ferriol 
chloride  colours  the  solution  violet.* 

Salicytnric  acul,  CbH,(OH)CO.NH,CHj.CO^.    When  salicylic  " 
acid  is  administered  internally,  it  appears  in  the  urine  partly  in 
an  unaltered  state  and  partly  as  sahcyluric  acid.   This  is  slightly 
soluble   in  water,  readily   in   alcohol,  and  crystallizes   in   fine 
needles,  which  melt  at  160°  and  give  a  violet  colouration  with  . 
ferric  chloride.     On  heating  with  concentrated  hydrochloric  add,  I 


'  Anschfitz,  Ann.  Ckrm.  Fham.  cpuviii,  BOS,  and  private  w 

=  Limpricht,  iiid.  xcviii,  268. 

'  Griraiwi,  Ball,  Sac.  Chim.  liii.  25. 

•  Chiouaamt  GBrhardt,  Jahresb.  Clum.  18B8,  603. 

»  Scliulenici,  Jaitrn.  Pratt.  Chem.  [2]  ixii.  2B8. 

■  Kupferberg,  ibid.  [2]  ivi,  142  ;  Wntiatmt,  Bcr.  DaiUch,  Chem.  Oca.  i 
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^Ri  decomposes  into  salicylic  acid  and  araido-acetic  acid.  Its 
'barium  aalt  forms  prisms,  which  are  otilj  slightly  soluble  in 
water.^ 

Salicylnitril,  CgH,(OH)CN,  is  formed  by  heating  the  amide 
■with  phosphorus  peotoxide,  and  ia  a  colourless,  crystalline 
substance,  irhich  melts  at  195°,  and  on  boiling  with  dilute 
caustic  potash  is  converted  into  Balicjlic  acid.* 

PolymlicylnUril,  (CjHjON),.  Limpricht  obtained  this  com- 
pound by  heating  saJicylamide  to  270°,  and  looked  upon  it  as  an 
imide  of  the  dibasic  salicylic  acid.*  It  is  a  yellow,  crystalline 
powder,  which  melts  at  280° — 285°  (Grimaux),  and  is  only 
converted  into  salicyUc  acid  by  fusion  with  caustic  potash.  On 
heating  with   phosphorus  pentachtoride,  orthochlorobcnzouitril 

t.ifl  formed.* 
Bmsaylsalicylnitnl,  G^^{OGO.C^^C^,  was  prepared  by 
Ximpricht  by  beating  benzosalicylamide,  and  called  by  him 
benzoylsalicylimide.^  Henry  obtained  it  by  heating  the  poly- 
nitril  with  benzoyl  chloride.  It  crystallizes  from  hot  alcohol  in 
small,  brittle,  lustrous  plates,  melting  at  148° — 14i)°,  The  hot 
alcoholic  solution  is  coloured  red  by  ferric  chloride. 


I 


SUBSTITUTION   PRODUCTS  OF  SALICYLIC 
ACID. 

2177  CMoTosalieylic  acid,  C^B.^C\{0'E)COfi  (5 : 2 : 1),  is  formed 
ty  passing  chlorine  into  a  solution  of  aalicyhc  acid  in  carbon 
disulphide,'  as  well  as  by  the  action  of  nitrous  acid  upon 
)3-chloramidobenzoic  acid.^  It  may  also  be  obtained  by  replacing 
the  amido-gTOup  of  the  corresponding  amid osalicy lie  acid  by 
chlorine,^  and  by  heating  parachlorophenol  with  tetrachloro- 
methane  and  alcoholic  potash.*  It  dissolves  in  1100  parts  of 
water  at  20°,  and  in  80  parts  at  100°,  and  crystallizes  in  small 

'  BnTtsgoitu,  Jna.  Chem.  Pkarm.  xcvii,  249. 
'  Grimniu,  £u/I.  Soc.  Chim.  liii.  20. 
'  Ann,  Chem,  Pharm.  icviU,  2B1. 

•  Beury,  Bit.  DtiUsch.  Cluna,  Get.  ii,  4B1 , 
»  Ann.  Chem.  Phann.  acti.  260. 

•  HUbner  and  Brenkon,  B«t.  IhittKh.  Chtm.  Qa.  vi,  171. 

•  Hiibner  and  Weiss,  t'iul,  vi,  17B, 

'  Schmitt,  JaJirtiib.  Chem.   186*,  8SB  ;  Beilstein,  Ber.  Dmlstk.   Chem.   Get. 
fyiu.  Bie. 

'  Hun,  ibid.  i.  2100, 
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iloured  viola<H 


needles,  melting  at  172°.   The  aqueous  sulutiou  is  coloured  viola 
by  ferric  chloride. 

Dichlorosalicylui  acid,  CflB^Clj(0H)C0,H(3  :  5  :  2  : 1),  may  be 
prepared  by  heating  salicylic  acid  with  autimony  pentachloride,' 
as  well  a£  by  the  action  of  chlorine  on  a  Bolutiou  of  salicylic 
acid  ill  glacial  acetic  acid  *  It  is  also  slightly  soluble  in  boiling 
water,  and  crystallizes  from  dilute  alcohol  in  small  prisms,  which 
melt  at  214°  and  are  coloured  dark  violet  by  ferric  chloride.  Con- 
centrated nitric  acid  converts  it  into  the  same  dichloronitrophenol 
as  is  formed  by  the  nitration  of  o-dichlorophenol.* 

a'Sroiiimalicytic  acid,  CaHjBr(0H)C0jH(3 : 2  . 1),  has  been 
obtained  from  the  corresponding  amidobromobenzoic  acid.*  It 
crystallizes  in  small,  soluble  needles,  melting  at  219° — 220°,  and 
gives  a  dark  reddish  blue  colouration  with  ferric  chloride. 

^-Bromosalicplic    acid    (5 ;  2 ;  IJ    is    formed    by    the    direct 
brominatiou  of  salicylic  acid,*  and  also  by  treating  >9-bromamido- 
benzoic  acid  with  nitrous  acul   (Hiibner  and  Heinzerliiig).     It^ 
crystalliziis  from  hot  water  in  long  needles,  melting  at  164°-:^fl 
165° ;  ferric  chloride  colours  it  violet.  H 

Three  dibromosalicylic  acids  are  also  known.'  ■ 

lodosaliqjlk  add.  Q^^{OE.)00^{5  : 2  : 1),  has  been  prepared 
from  the  corresponding  amido-salicylic  acid  by  means  of  the 
diazo-reaction.'  It  is  almost  insoluble  in  cold  water,  and  crystal- 
lizes from  alcohol  in  needles,  which  melt  at  19fi°,  and  decompose 
into  iodophenol  and  carbon  dioxide  when  they  are  rapidly  heated. 
The  same  acid  had  previously  been  obtained  by  Lautemann  by 
treating  salicyHc  acid  with  iodine  and  caustic  potash  solution,* 
while  Liechti "  and  Demole,"*  by  the  action  of  iodine  and  iodic 
acid  on  salicylic  acid,  prepared  an  iodosalicylic  acid  which  is 
slightly  soluble  in  cold,  somewhat  more  readily  in  hot  water,  and 
crystallizes  in  needles,  melting  at  183°. 

Two  isomeric  acids  are  therefore  produced  by  the  direct  action 
of  iodine  on  salicylic  acid,'^  and  probably  in  varying  proportioi 
The  following  compounds  are  also  formed  in  this  reaction  : 

'  Lbasnci,  Jmtm.  Ftnld.  Chem.  [2]  xiii.  <2B. 
■  Smith,  Eer.  BeuUck.  Chem.  (Jet.  A  1225. 

*  Smith  ftod  Kneir,  Araer,  Oiam.  Joam.  viii.  96. 

•  Hiihuer  and  IleinwrlinE,  ZeUnchr.  Chen.  1871,  70B. 
'  Henry,  Ber.  DeaiiA.  dum.  Qea.  ii,  276 ;  Hiibnsr  and  Heiniorliiig, 
'  RollwiigB,  ihid.  X.  1707;  Smith,  Und.  1706;  Hubner,  iSirf.  1708. 
"<  Goldbera.  Aum.  PrcOd.  Chem.  [2]  xii.  BBS  ;  Hiibner,  Ber.  DeuUch.  t 

Gta.  xii.  1317.  ■  Am.   Chem.  Pharm.  cxx.  302. 

'  Ibid.  Suppl.  Tii.  186.  "•  Bcr.  Dtulnh.  Chem.  Oa.  vii.  1 

"  Fisfber,  Ann..  Clicm.  I'hann.  elm.  316. 
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Dir^od(aaIie1/U'e  acid,  C,Hjl,(OH)COjH,  is  beat  obtained  by 
the  action  of  iodine  and  mercuric  oxide  upon  an  alcoholic 
solution  of  salicylic  acid.'  It  js  elightly  Boluble  in  cold,  more 
readily  in  hot  water  and  alcohol,  crj'stallizc-s  in  needles,  tnelting 
at  220° — 230°,  and,  like  inoniodosaiicyhc  acid,  is  coloured  violet 
by  ferric  chloride, 

Tn-iodosalicylic  acid,  CgHl5(0H)C0gH,  is  insoluble  in  water. 
Mid  ciystallizea  from  alcohol  in  yellow  needles. 

2178  NUromlicylic  aadt.  In  the  year  1806,  Fonrcroy  and 
Vauquelin  obtained  a  volatile,  crystaUine  acid,  which  tliey 
thought  was  benzoic  acid,  by  treating  indigo  blue  with  dilute 
nitric  acid.  Chevreul  recognized  the  individuality  of  this  sub- 
Btance,  which  was  called  indigotic  acid,  and  it  was  then  csrefully 
examined  by  Buff,*  and  correctly  analysed  by  Dumas.*  Marchand' 
oonBnncd  the  results  obtained  by  Duiuas,  and  found,  as  also 
^  Gerhardt,'  that  indigotic  acid  ia  identicHl  with  nitrosalicylic 
(KJd.  Piria,  by  the  action  of  nitric  acid  on  salii-in,  obtained 
belicin  and  anilotic  acid,  which,  according  to  Major,  is  identical 
with  rutroatilicylic  acid,  although  Piria  himself  was  convinced 
that  the  two  acids  were  different  substances.*  In  spite  of  this, 
it  was  generally  assumed  that  only  one  nitrosalicylic  acid  existed, 
until  Hiiboer  found  that  two  are  formed  by  the  nitration  of 
Balicylic  acid."  One  of  these  ia  identical  with  anilotic  acid,  while 
iodigotic  acid  proves  to  be  a  mixture  of  both.*  These  acids  are 
ilso  formed  when  the  vajxiur  of  nitric  acid  is  passed  into  methyl 
flalicylate.' 

a-NUrosaiicylic  add,  (CO,H:OH  :NOj  =  1 ;  2:  5),  may  be 
obtained,  in  addition  to  the  methods  given  above,  by  heating 
faranitrophenol  with  tetrachlurom ethane  and  alcoholic  potash 
to  100°,'"  by  boiling  c-nitro-amidobenzoic  acid  with  caustic  potash 
■otution,"  and  by  passing  nitrogen  tetroxide  into  a  cold  aqueous 
Bolntion  of  salicylic  acid  (HUbner).  In  order  to  prepare  it,  100 
parts  of  salicylic  acid  are  dissolved  in  800  parts  of  gkcial  acetic 
acid,  50  parts  of  pure  nitric  acid,  of  sp.  gr,  of  1'5,  being  then 
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_  ['r  WLizttc  n.  liftf-  mic :  i^  sohitian  is  then  diluted  with 

TWi  or  Tinvs  Tohmisf  of  ^noer,  snd  the  acid,  which  separates 
MT  artr  somt  TniM,  picifific  linr  jcpeoted  ciTStaDization  fiom  hot 
^csx£  TTitt  boriim-  s&h  of  ihe  3<acid  mmy  be  prepared  from 
"liit  iiiiTZite[?-iiiiUiir  .  i:  »  anrr  shiiiithr  wihihle  in  water. 

ir-VTT^.%Bfa'-i"'Mi-  mac  crystaliiaes  in  long  needles,  which  melt 
aziL  diSHkjv^  iL  14TT  pBTiE  of  waSier  at  15'' ;  it  is  more 
s^uuius  II.  ikiTLttiOL  or  hm  ws&ec  Its  soiiiiticxL  is  coloured 
iiiAKiL— 7e£  r^  iemr  -'*'i«'«*TnfW-  £aiiin£  nitzic  adkl  ocmverts  it  into 
mrrir  acid  and  wben  33  oiecbT]  ether  is  heated  to  130*"  with 
aiTiUiahr  ani3ii;iii«a.  xbt  annac  ctf  e-amidonitrobenxoic  acid  is 
lOfSLiiis^i  Cn.  itescinir  wdnih  lime  it  deoompases  into  carbon 
CLJ^QOt   laii  3tijrsiLJ?>iaiiit33ifiL 

yfr^.i^  «-ffi.  j»-l4^i«o7«ttafe.  JOH^NO^^ JBa  +  4H,0,^  is 
{m£L:i»t^£  I'T  in-'A.Tmir  xiif  aci£  with  waxer  and  bariom  carbonate : 
is  »  rt*ji.\-lj  s.ix'iitf  it  wxsar,  aaid  crystallizes  in  ocmipact,  yel- 
ji.-^w  iie-iit*  ^ij.*i  f.cTL  iascaralaT  ai^regates.  The  basic  salt, 
C-HjXOjKl  —  i3LCv  is  inniMid  by  bcahng  the  acid  with  baryta 
wKcT,  Mi£  .TT^scfclisK*  rn  crrrcm-vitsllow  plat^  which  have  a  satin 
inssTr  aai  ar^*  :cIt  sis:i."i2r  aricWe  in  waier. 

1 :  f  $  ,  is  r.cmt'i  :-  Jir^res:*  CTiaiiTiTT  br  the  action  of  the  most 
c:Q>=i:'rrs':^i  i^itr.-:  a.ii  -pc«i  salicyjc  acid  at  a  low  temperature,* 
iiii  Lis  ilf*:-  r*:^:-  cccjfc:iif»i  by  heaTing  C4thonitrophenol  with 
ieTrs-:*il:r:e:^:i-ii:f^  &i>i  ak^oiiciio  p«>iash  ;Has?e\  In  order  to 
pevjCLTv  IT.  1 .  iTii:^  vsf  suHcviSc  acid  an?  gradually  brought  into 
a  rr.:\t-ire  of  1 .  irini^  c^"  cv>Dc^ntrated  nitiic  acid  with  10 — 12 
gnns.  of  ^licial  septic  acii  at  a  temperature  of  about  6^  The 
solution  is  then  p>:iTed  into  250  ccm.  of  water  and  the 
precipitatoi  a<id>  s«:paraied  by  means  of  their  barium  salts. 

^-Nitrosalicvlie  acid  dissolves  in  770  parts  of  water  at  15  "5*, 
readily  in  alcohol  and  ether,  and  crystallizes  in  long  needles, 
which  contain  a  molecule  of  water,  and  melt  at  125*  The 
anhydrous  acid  melts  at  144*" ;  its  solution  is  coloured  blood-red 
by  ferric  chloride;  on  heating  with  lime  it  decomposes  into 
carbon  dioxide  and  orthonitrophenol,  while  the  amide  of  f-amido- 
nitrobenzoic  acid  is  formed  by  the  action  of  alcoholic  ammonia 
on  its  diethyl  ether. 

Normal  barium  fi-nitrosalicylaie,  (C^H^NOJ^Ba,  crystallizes 
in  golden  yellow  plates  or  compact,  refractive  needles,  which  are 

'  Ann.  Chem.  Pharm.  ccx.  844. 

>  Schaamaiin,  Bcr.  Deutsch.  Chem,  Ots.  zii.  1846. 
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only  very  dightiy  soluble  in  cold,  more  readily  in  hot  water. 
Ammonia  added  to  the  solution  produces  a  deep-red  colouration 
and  then  a  precipitate  of  the  basic  salt,  SC^H^N  O^Ba  +  3HjO,  in 
thick,  blood -red  needles, 

MnUrosalicylic  and,  CoHj(NO^j(OH)COjH.  The  methyl 
ether  of  this  compound  was  obtained  by  Cahoura  by  dropping 
winter-green  oil  into  a  mixture  of  fuming  nitric  and  sulphuric 
acids.'  It  crystallizes  in  yellow  scales,  which  melt  at  127° — 128° 
(Salkowski),  and  are  easily  saponified  by  caustic  potash.  Sten- 
bouse  then  prepared  dinitrosalicylic  acid  by  tlie  action  of  nitric 
acid  on  tlie  af^ueous  extracts  of  Poptilus  nigra  and  P.  lalsam- 
ifera,  which  contain  populin,'  It  is  also  formed  by  the 
further  nitration  of  both  the  mononitrosalicylic  acids,  their 
constitution  being  thus  shown.  It  ia  best  prepared  by  bringing 
10  grma.  of  salicylic  acid  into  70  grms,  of  the  most  concentrated 
nitric  acid  at  0°,  and  pouring  tho  clear  solution  into  300  ccm,  of 
water ;  after  standing  for  24 — 36  hours  the  separated  acid  is 
filtered  off,  pressed,  converted  into  the  barium  salt  by  boihng 
with  water  and  barium  carbonate,  and  re-precipitated  by  hydro- 
chloric acid.* 

Dinitrosalicylic  acid  is  readily  soluble  in  cold,  very  readily  in 

it  water,  and  crystallizes  therefrom  in  thick,  lustrous  plates,  or, 
rapid  cooling,  in  fine  needles  containing  one  molecule  of 
er.  Its  solution  is  coloured  dark -red  by  ferric  chloride ;  on 
iting  with  water  to  200°  it  decomposes  into  carbon  dioside 

id  ordinary  dinitrophenol. 

Potassium •dmitrosalwi/lale.  When  caustic  potash  is  added  in 
excess  to  the  aqueous  solution  of  the  acid,  the  salt  C^H^lNO^^ 
(OK)CO,K  +  H,0  is  formed ;   it  crystallizes  in  long,  dark-red 

i needles,  which  detonate  violently  when  heated.  Dilute  hydro- 
Ebloric  acid  or  nitnc  acid  added  to  its  solution  precipitates  tho 
jpUl  Cj,H,(NOij)/OH)COjK,  which  crystallizes  irom  boiling 
inter  in  compact,  short,  dark  yellow  needles. 
.  Sarium  diniirosalicylate,  C^B.,(NO^flHtiCO^  +  ZHfi.  fonns 
impact,  yellow  needles,  which  are  only  slightly  soluble  in  cold 
ilfater. 
3179  a-Aniidosalicylic  acid,  CaHg(NH2)(0H)C0jH,  was  ob- 
tained by  Beilstein  by  reducing  nitroaalicylic  acid  with  tin  and 
hydrochloric  acid  ;  *  it  ia  better,  however,  to  employ  acetic  acid 
(Hiibner),     It  crystallizes  in  needles  which  have  a  satin  lustre, 
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aad  are  meoluble  in  alcohol  and  cold  water,  but  slightly  solubl* 
in  hot  water;  the  solutioii  soon  decomposes  in  the  air,  a  browi^ 
aniorphoua  substance  being  precipitate<l.  Ferric  chloride  pro- 
duces a  cherry-red  colouration,  followed  by  a  brownish  bloclt 
precipitate. 

Amidosalicylic  acid  forma  salts  both  with  bases  and  acids ;  tl 

decomposes  on  heating  into  carbon  dioxide  and  paramidophenoL^ 

,C0 

Trimetkylamidomlici/lic  add,  C.H,(OH)<;     >0.       This 
^NCCHg), 
pound,  which  may  also  be  called  hydroxybenaobetaine,  is  formi 
by  the  action  of  methyl  iodide  and  caustic  potash  on  amidosaUcylic 
acid,  and  crystallizes  from  water  in  largo,  snow-white  needle 
often  an  inch  in  length,  which  contain  four  molecules  of  wate 
have  a  very  bitter  taste  and  arc  coloured  reddish  violet  by  feni 
chloride.     It   combines  with  the  mineral   acids  to  form  sail 
which  crystallize  well. 

MeUiyl  dhiuthylamidosalicylale,  CgH,(OH)N(CHa)jCOjCH,  il 
prepared  by  heating  the  preceding  compound,  after  previousl]^ 
removing  its  water  of  crystallization.  It  forms  rhombic  priams, 
and  is  decomposed  on  boiling  with  hydrochloric  acid  iuto  methyl 
alcohol  and  dime  tbylamidosaj  icy  lie  acid,  which  crystaltize«  in 
small,  almost  insoluble  needl-'s.* 

^-AmidosaUcylic  add  is  not  known  in  the  free  state;  its 
hydrochloride  crystallizes  in  needles  which  readily  deoamposo 
(HUbner). 

Nitro-amidoaalicylic.  add,  CgHj(NO JNH,(OH)CO^.  is  formed 
by  the  partial  reduction  of  dinitroaalicylic  acid ;  it  forms  crystals, 
melting  at  220° ;  a-nitrosalicylic  is  obtained '  when  the  amido- 
group  is  replaced  by  hydrogen. 

IHamidosaiiq/lic  acM/.CgHg(NHj)(OH)COjH,  was  prepared  by 
Saytzew  by  the  action  of  hydriodic  acid  on  the  methyl  ether 
of  dinitrosaUcylic  acid.*  It  is  very  slightly  soluble  ia  cold, 
more  readily  in  hot  water,  and  crystallizes  in  small  needles.  It 
combines  with  acids  to  form  salts  which  crystallize  well ;  ferric 
chloride  produces  a  brownish  red  colouration,  followed  by  a  black 
precipitate. 

Sulp/umlici/lic  add,  C(Hg(S03H)(0H)C0jH,  was  obtwned  by 
Mendius  by  the  action  of  sulphur  trioxide  on  salicylic  acid,*  and 

'  Schmitt,  Jahrabtr.  188*.  423. 

=  Griesa.  Ber.  IkatMk.  Clum.  lien.  Xa.  330: 

'  Ann.  Chen.  Pharrr..  cxxiiii.  321. 
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may  also  be  prepared  by  heating  salicylic  acid  with  gulphuric 
acid.^  It  crystallizes  in  long,  thin,  very  soluble  needles,  which 
melt  at  120°,  and  are  coloured  an  intense  reddish  violet  by  ferric 
chloride.  Ita  salts  crystallize  well ;  on  fusion  with  caustic  potash, 
no  dihydrojty benzene  is  farmed,  the  product  consisting  entirely 
r  of  phenol  and  salicybc  add. 

Salicylndphuric  add,  CaHj(SO,H)COjH.     The  potassium  salt 

lay  be  obtained  by  beating  salicylic  acid  with  caustic  potash 

k&d  potassium  disutphate ;  it  crystallizes  in  colourless,  pointed 

3  and  is  readily  soluble  in  water,  but  insoluble  in  absolute 

»hoL     It  gives  no  colouration  with  ferric   chloride  and  is 

composed   by  dilute   acids,  including  even  acetic  ncid,  into 

slum  sulphate  and  salicylic  acid.^ 

.N— N 
Diazomlicylie  add,  C.H,(OH}^  I  ,  is  formed  by  passing 

^CO.O 
kutrogen  trioxide  into  an  alcohohc  solution  of  the  hyi^ochloride 
f  amid osalicy lie  acid.  Itcrystalhzesinfine  needles  and  combines 
jrith  acids  to  form  salts  which  crystallize  well ;  ^  iodosalicylic 
Bid  is  formed  on  heating  with  bydnodic  acid. 
AzobemenesalicylK  aeid,  CaH5.Nj.CoHj(OH)CO,H,  is  obtained 
f  the  action  of  diazobenzene  nitrate  on  an  alkaline  solutinu  of 
icyhc  acid  j   it  crystallizes  in   orange-red  needles,  which  are 
soluble  in  water,  but  dissolve  readily  in  alcohol.     Sulphuric 
ad  converts  it  into  a  sulphonic  acid,  which  is  probably  iilentical 
fith  the  following  compound.* 

SaHqflparaxfA^nzenemlphonie  add.  CaH,(S03H)NyC„Hg(0H) 

COjH,  is  formed  by  bringing  salicylic  acid  into  a  solution  of 

paradiazobenzenesulphonic  acid  in  caustic  potash.    It  crystallizes 

in   golden-yellow  needles,  which   are  only   slightly  soluble   in 

i  hot  water ;  barium  chloride  produces    a    yellow  precipitate  of 

I  (CuH9NjS0g),Ba,  which  ia  converted  on  boiling  into  irregular, 

"(-sided,  lustrous  plates." 

I  Remnen,  Ann,  Cheat.  Phm-rn.  diiii.  107. 
'  Baurnum,  Ber,  Deuisch.  Chem.  Oa.  xi.  1914. 

'  SchiDitt,   JahTe^HtT.   Chcm.   1861,  S84  ;  Schmidt  and  tlitteOEWuy,   Jbam. 
fratl.  CAma.  [2]  iviii.  193  i  fioldberg.  ibid.  xix.  882. 

•  Stebtniu,  Ber.  DmUtch.  Chem.  Of.  lUi.  716, 

*  Qatea,  itUL  zi.  2196. 
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KKTAHYDKOXTBENZOIC  ACID. 

£rSr  Crfrisoii  rftouiMid  this  uameride  of  salicylic  add  by  the 
jk-TUiu.  <c  iLirroizs^  acic  on  a  bat  solutaoii  of  c^tlinaiy  amidobenzoic 
jk-!]i  Skiii  r&v£  Tk  xiie  name  of  oxTbenzoic  acid,^  by  which  it  is 
sciil  x^al-l:^7  SesuTiuaai.  Ii  is  alfo  formed  by  fusing  sulpho- 
)%:i<i^.i]:  a.'ui^  iDfsaciiJaroiKnBaBC  ncid,'  or  metachlorocresoP  with 

Ix  .riTC  ic  iTVW!^  7L  f!  parts  of  potassium  sulphobenzoate 
fiT:  f  Q3i:*i  ^.:x  ?>  wrx^  oe  caoisiac  potash  and  a  little  water,  the 
7:>:l*:  A.''j±.f»f~  v::!^  iOLTtfiTinc  Jicid  and  the  whole  extracted  with 

T:*^'  T^'^js^vrr:iXTti«c«iainr  iwad  is  left  oq  evaporation  in  thick, 
-•i-.Tc  .r*js:>  inkk-i  siY-  psii&d  by  ^^-CITStallization  from  hot 
v*:<c        Ar.T    ai^nraia:    beaiaoic    acid    is    finally  removed  by 

K-'TJLr.vir;j.TS:ciswttir  acad  crystallizes  in  small  prisms  or 
XR>t*rjf*.  rjt^^zr;^:  *5  •A'**,  wbich  usually  form  warty  aggregates, 
h  >U555»,i:v,^  i:  . '  izi  fnio.  *ai  at  IS*  in  lOSS  parts  of  water,  has 
jfe  >^i*t*  TA5.:c.  :5  rj;«*  v"*:ovVii\>d  bv  ferric  chloride  and  can  be 
i:>::.-.;v.  »::h;c:  UD.^vrcvXSiT  deoiMnposition.  It  differs  from  its 
:>*,  CUT  r.- .:-.:>  lu  Kir^  rt>i,xvd  by  sixlium  amalgam  in  an  acid 
?4. !.:::..:.  :..  v.iTvC.vir.^xylviiryl  akvhoLand  in  blackening  at  300* 
w:::.  .,::  a  :r:v.\  :c  y^hti^cC  King  formed:  decomposition,  accom- 
muiiv:  V>  ::.t   ^"^tv.A•:.^n  c^f  small  quantities  of  the  latter,  only 

^^^•••>  -^ «  ~.-i^,«v«  «< -,*ix  nil  *»,rvts> 

■«■  * 

T'.c  M. :  :."•  /  .:*  ^..v  "•■  lu/o:-^  The  salts  of  the  alkali  metals  are 
rwuiily  5«.«IuMv  :uii  vio  nv»i  onrstallize  well ;  they  are  very  stable 
anvl  v^nly  d^wmjxxse  at  a  hi^rh  temperature,  very  little  phenol 
and  no  isKnnorlc  acid  boin^r  formed.  The  basic  salts  do  not 
cv>mbino  with  ctirbon  dioxide  at  a  high  temperature  (Kupferberg) ; 
when  the  acid  is  fused  with  an  excess  of  sodium  carbonate, 
decomposition  sets  in  aK>ve  300'.  the  greater  portion  of  the 
a^id  being  completely  burnt,  and  only  a  small  quantity  of  phenol 
being  therefore  formed.*    If  two  molecules  of  the  acid  are  heatetl 

1  &\^^^'  ^^'^'  IxxxvL  143  ;  xcL  189  ;  Fischer,  ibid,  cxxvii.  138. 

4  «  Lu'  't*^'  S^-  "^IJ-  ^^'  *  Dembey,  ibicL  cxlviii.  222. 

*  Ikrth,  tfjvd.  cliv.  861. 

»  Klepl,  Jaum,  Praki.  CKem,  [2]  xxt.  464  ;  xxrii.  159. 

•  Barth  and  Schreder,  Ber.  DeuUch.  Chetn,  Gts,  xii.  1254. 
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^B^  to  350°  with  three  molecules  c^  caiiatic  baryta,  no  change  takes 
■    place,   but   if  seven   molecules   of   the  latter   be   employed,  a 
f    complete  decomposition  into  carbon  dioxide  and  phenol  occurs 
iKlepI). 

Ammifninm  TTutah^rKtybenzoate,  CnH^(OH)COjNH,,  crystal- 
Uzea  in  needles  wliicb  form  fascicular  i^regatea, 
i  Calcium    vieiahydroxyhenzoale,     <CoH,.OH.CO^,Ca  +  3HjO, 

/funus  readily  soluble  crystals. 
Barium  mtlahydrortflif.-moate,  (C„Hj.OH.COj)jBa,  is  an  amor- 
plioiis,  gummy  mass;  it  has  been  found  impossible  to  prepare  a 
'•-■isic  salt. 

C<5yermctoAy(/r«cy&Mutwi:«,(C„H^.OH.COii)jCu+HjO,  crystal- 
lizes from  hot  water  in  greenish  needles. 

Thallium  metahydroxyhenzoale.  CbH,(0H)C0jT1.  is  prepared  by 
'-^^utializing  a  hot  solution  of  the  acid  with  thalhum  carbonate  ; 
1 1  crystallizes  on  cooUng  in  lustrous,  colourless  prisms.  Wheu  a 
^'^lution  of  the  hydroxide  is  neutralized  with  the  acid  and  an 
*^ubJ  quantity  of  the  hydroxide  added  to  the  neutnU  solution, 
"tfao  basic  salt,  CflHj (0X1)00^X1,  crystallizes  on  evaporation  in 
^^^^Hwwish  prisms ;  it  is  more  readily  soluble  than  the  normal 
^^■It  and  has  an  alkaline  reaction  (Kupferberg), 

The  methylauiine  salt  decomposes  into  its  constituents  when 
^^**.ted,  and  the  aniline  salt  behaves  in  a  similar  manner,  a  little 
^3'"«ilroxybenzanihde  being  also  formed,  while  tetra-ethylammoniiim 
^*-*^!tahydroxybenzoate  splits  up  into  tri -ethyl amine  and  ethyl 
***  ^tahydroxybenzoate. 

-ethyl  inetahydroxyhenzoatt,  CaH/OH}COj.CjHj.  is  formed  by 

**^  action  of  hydrochloric  acid  gas  on  an  alcoholic  solution  of  the 

^*^"Vd,'  or  by  heating  the  normal  potassium  salt  with  ethyl  iodide.^ 

*-    crystallizes  from  ether  in  tablets,  melts  at  72°,  boils  at  282°, 

^'■**<1    is    converted    by  caustic    soda    into   a   crystalline   mass 

^*"     CeH/ONa)CO,.C,Hj,   which   is   readily   soluble  in    water 

***id  alcohol. 

_  MetametJtoxyhmzoic  acid,  CgH,(0CHg)C02H,  is  obtained   by 

■^*^ating  metahydroxybeuzoic  acid  with  the  calculated  quantity  of 

^B^^ustic  potash  and  methyl  iodide,  and  decomposing  the  ethereal 

^»  *^t  thus  formed  with  a  solution  of  caustic  potash  in  wood-spirit 

xOrabe  and  Schultzen),     It  is  also  formed  by  the  oxidation  of 

**»etacre8yl  methyl  ether  with  potassium  permanganate,'  and  by 

'  Gnibc  and  Schiiltzi'Ti.  Ann.    Cheni.  Pkarm.  cxlii.  3S1. 
'  Heiuu.  md.  cliii.  337. 

■  0[>pnnhdm  and  PfalT,  Ber.  DeuMl.  Cftm.  Get.  viiL  887. 
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converted  by  water  into  metftcarboxyphenylphoaphoric  aciJ, 
while  on  heating  with  phosphorus  pentaciiloride  to  180°,  a 
portion  is  converted  into  metachlorobcnzenyl  trichloride.' 

MetahydroxyUmamiile,  CaH/0H)C0.NH3,  is  formed  when 
diazobeDzamide  nitrate  is  boiled  with  water  ^  as  well  as  by  the 
action  of  ammonia  on  ethyl  metahydroxybenzoate.  It  crystallizes 
from  water  in  thin  plates,  which  have  a  bitter  taste  and  molt 

at  icr. 

Mttahydroxylmizanilide,  C6H,{0H)C0.NHfCBH,),  is  obtained 
in  the  same  way  as  salicylanilide ;  it  crystallizes  from  dilute 
alcohol  in  needles,  melting  at  154° — 155°,  and  combines  with 
alkalis  to  form  salts  which  crystallize  well.  It  is  not  attacked 
by  boiling  alkalis,  hut  is  decomposed  by  them  on  fusion 
(Kupferberg). 

Melahydfwybetmtric  acid-,  C,H,(OH)CO.NH.CHj.COgH,  occurs 
in  tlie  urine  of  the  d(^  after  metahydroxybenzoic  acid  has  been 
administered ;  it  crystallizes  in  needles.^ 

Metahydroxyhemonitril,  C^^(f)W)Q^,  is  formed  hy  boiUng 
diazobenzonitril  sulphate  witli  water^  and  by  heating  meta- 
bydroxybenzoie  acid  in  a  current  of  ammonia,  first  to  220° — 230° 
and  then  to  300° — 320°;  the  isomeric  compounds  are  decomposed 
by  this  treatment  into  phenol  and  carbon  dioxide,  but  yield  no 
nitril''  Metahydroxybenzouitril  crystallizes  from  hot  water  in 
small  plates  and  from  alcohol  in  small,  rhombic  prisms ;  it  has 
aa  intensely  sweet  and  at  the  same  time  sharp  taste,  melt«  at 

182°,  and  decomposes  on   heating  with  hydrochloric  acid   into 
ammonia  and  metahydroxybenzoic  acid. 
Y 

2i8a  IodovittahydFoxybiiucncacid,C^^{OS)CO.^.  Weaelaky 
obtained  this  substance  by  the  action  of  iodine  and  mercuric 
oxide  on  an  alcoholic  solution  of  metahydroxybenzoic  acid.  It  cry- 
stallizes in  needles,  which  are  only  slightly  soluble  in  cold  water. 

NiiTometahydroxyUiizffk  artrfs,CaHa(N05)(0H)C0,H.  Gerland 
found  that  the  direct  nitration  of  metahydroxybenzoic  acid  yields 

'  Anschutz,  privats  eommunicstion. 

'  OiicM,  Zrilsckr.  Chan.  1866,  1. 

»  BsoinuiD  anil  Hcilcr,  //oppe-Segler'a  ZtiliKhrlft,  i.  BUO. 

*  nrii-ss,  Bcr.  Dcntni-h.  Ckca.  Or».  viii.  R.^H. 

•  Smith,  Joutn.  Prakl.  Chtvi.  [31  xvi.  SI8, 


PUBSTITUTION  PRODUCTS  OF  METAHYDROXY- 
BENZOIC ACID. 
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A  ti^:iLTir:iT%ienBcoc  aod,  wliich  forms  yellow,  rhombic  crystals, 
tZii  LiJ  %  rcj«aJave,  bitter  taste;  it  must  be  identical  with 
•;cir  I'f  iL-riiie  6f«aibed  below,  since  metahydroxybenzoic  acid  can 
kcIt  Ti-eii  f-vir  xDODoiiitro-deriYative&.  The  first  three  were 
prepire*!  ly  Grkis  by  bcoling  the  correspondiDg  nitro-amido- 
betr^rir  »i5  with  cftfisdc  potash.^ 

fl-.V. :- -7. ' :  v.y  2n^«a»k-  acid,  [COM :  OH :  NOj  =  1:3:6), 
is  re^iily  Sk-lTiKr  in  witer,  and  ciystallizes  in  thick,  honey-yellow 
ptisn?  «x-  ill  Dr^dles  oontaining  one  molecule  of  water,  which  is 
civrn  o3  at  a  few  degrees  above  100'.  It  melts  at  169°,  has  a 
siiiit ly  acid  taste,  and  is  coloured  a  faint  reddish  brown  by  ferric 
chic^iie.  The  barium  salt,  C-H^NO^Ba  +  GH^O,  forms  yellowish 
r^  fiiisms,  which  are  readily  soluble  in  water. 

^'yi^r^:'ry,y:<^}Ayiinxryr'e%zoic  arid  (1 :  3  : 4),  is  slightly  soluble  in 
hot  watc^r.  and  crvstalliBes  in  loner,  vellow,  four-  or  six-sided 
plates,  mehin^  at  ±S0\  The  barium  salt,  CHjNOjBa  +  HjO,  is 
almoist  ini<»luble  and  crystallizes  in  yellowish  red  plates. 

y-yi^rcon^i'iJiydr^.ixy'fnjzoif  acid  (1:3:  2)  js  less  soluble  in  water 
than  the  a-aoid.  has  an  intensely  sweet  taste,  and  crystallizes 
with  one  mo^.eoule  of  water  in  long,  four-sided  plates  or  large 
tablets,  which  melt  at  ITS'  and  give  a  £Ednt  reddish  brown 
colourati'>n  with  ferric  chloride.  The  barium  salt,  2C-H3N05Ba 
-f  3ILO.  a!s..»  h;is  a  very  sweet  taste,  and  forms  tolerably  soluble 
re«ldish  bn;•^vll  plates. 

T)'yiL'om»(aAi/drarf/Wnzoic  acid  (1:3:  5),  was  prepared  by 
Gnihe  from  the  corresponding  nitro-amidobenzoic  acid,-  and  is  a 
yeUowish  brown,  crystalline  precipitate.   Its  salts  crystallize  badly. 

Trinitromt'Uihydroxyl'Cnzoic  acid,  CeH(NO2)3(bH)C02H,  is 
forme<l  by  heating  diazo-amidobenzoic  acid  with  ordinary  strong 
nitric  acid,^  and  by  the  action  of  fuming  nitric  acid  on  metamido- 
benzoic  acid.*  It  crystallizes  in  large,  almost  colourless,  rhombic 
prisms,  which  have  a  vitreous  lustre,  and  are  best  obtained 
from  solution  in  concentrated  nitric  acid  ;  it  is  readily  dissolved 
by  water,  alcohol,  and  ether,  forming  intensely  yellow  solutions, 
which  dye  animal  fabrics  in  the  same  way  as  picric  acid.  1^ 
melts  when  heated  and  then  explodes. 

The  barium  salt,  CyHNgOgBa  +  3H2O,  is  tolerably  soluble  in 
water,  but  insoluble  in  alcohol,  and  crystallizes  in  thick,  lig'^* 
yellow  needles,  which  are  very  explosive. 

*  Brr.  DeiUAch  Chcm,  Ges.  xL  1729.  -  Ibid,  x.  1704 
'  (iricRS,  Ann.  Chtin.  Pharm.  cxvii.  28. 

*  IkiUtein  and  Geitner,  ibid,  cxxxix.  11 


I  "When  me tahjdroxy benzoic  acid  is  heated  with  sulphuric  acid, 
e  compounds  isomeric  with  ahzarin,  C,jHgOj,  are  formed.'  If 
B  product  he  boiled  with  strong  nitric  acid,  a  trinitrometahy- 
isxybenzoic  acid  ia  produced  among  other  products,  which  is 
lily  soluble  in  water,  and  crystallizes  in  tablets  or  prisms  con- 
ing one  molecule  of  water,  which  ia  lost  at  1 00°.  It  melts  at  105° 
i  then  commences  to  sublime ;  when  rapidly  heated  it  detonates. 
B  barium  salt,  C^HNjOnBa+aHjO,  ia  readily  soluble  in  water, 
i  crystallizes  in  yellow  needles,  which  explode  at  299°.* 
I  Thiometah.ydro^lKjizoic  acid,  CgH^(SH)COjH,  is  formed  by  the 
pion  of  tin  and  hydrochloric  acid  on  sulphobenzoyl  chloride, 
H^(SOjCl)COCl.  It  is  tolerably  soluble  iu  water,  more  readily 
■  alcohol,  and  sublimes  very  easily  in  small  plates,  melting  at 
-U7°. 

I>Ukiomc(ahydnmihenz<nc  add,  Sj(C,H(.COjH)j,  is  obtained  by 
exposing  the  monothio-com pound  to  the  air  in  the  moist  state, 
or  more  rapidly  by  adding  bromine  water  to  its  aqueous  solution.^ 
Gritas  prepared  it  by  decomposing  diazobeuzoic  acid  aurichloride 
with  sulphuretted  hydrogen  :* 


3aNjC^H,.C0,H  +  'm^  - 


S.CoHj.COjH 


I 

SCgH^.COjH 


+  CbHs.CO,H  4  3HC1  +  3N.. 


t  crystallizes  in  microscopic  needles,  which  are  scarcely  soluble 
water,  more  readily  in  alcohol,  and  melt  at  2i2°^244''. 
BulphometahydriKcybemoic    add,    CaH3(S0,H)(0H)C0j,H,    is 
med  by  the  action  of  sulphur  trioxide  on  me tahydroxy benzoic 
acid ;  it  crystallizes  in  green,  deliquescent  needles,  melting  at 
208°,  is  almost  insoluble  in  ether  and  is  coloured  wine-red  by 
ferric  chloride* 
^t  JmsiUjihomelahydna^^nzaic  acid  is  obtained  by  dissolving  the 
^Hphate  of  diazobeuzoic  acid  in  warm  sulphuric  acid ;  it  crystal- 
^bes  in  plates,  which  are  readily  soluble  in  water  and  alcohol.   It 
^B  decomposed  by  strong  nitric  acid  into  trinitrometahydroxy- 
^BlBizoic  acid  and  sulphuric  fU-^id." 

H  *  SulioBck  BDil  Riimer,  Ber.  DriilMh,  Chem,  Oen.  rX.  lieT. 
'  SchanliDgBr,  ibiit.  yiii.  1480. 

"  Hiibner  and  Upmann,  Zeiltrlir,   Client.  1870,   291  ;  Frericlis,  Ber.   DchIjuA. 
Chem.  (7m.  vii.  793. 

'  Joarrt.  Pratt.  Oum.  [2]  i.  102, 

*  Bsrth,  Ann.  Chrm.  Pharia.  cxiviii.  38  ;  Sanhofcr,  ibid.  clii.  102. 
GrieiW,  JahretbCT.   Vhtm.  1884.  351. 


DisiilpkometahydroxyJieivsoic  add,  CaH,(SOgH)j(OH)C0,H, 
seems  to  be  formed  when  metahydrorybeiizonitiril  is  heated  with 
fuming  sulphuric  acid;'  its  barium  salt  is  obtained  by  boiling 
the  following  compound  with  baryta  water.* 

Tnmlpk<melaJtifdr(xrybanffk  acid,  C'oHf  §0311)3(0  H)CO,H,  is 
obtained  by  heating  metahydroxybenzoic  acid  to  250°  with  a  mii- 
ture  of  fuming  sulphuric  acid  and  phosphorus  pentoxide.  The 
free  acid  is  a  honey-yellow  syrup;  it  is  colours)  an  inttnK 
camiine-red  by  ferric  chloride,  and  on  fusion  with  caustic  potash 
undergoes  complete  oxidation. 

Mc-tahydroxyhetKoyf^phuric  add,  CgH,fSO^H)COjH,  is  found 
in  the  urine  of  men  and  dogs  aft-er  the  admijiistration  of  meta- 
hydroxy benzoic  acid  (Baumann  and  Heiter),  Its  potassium 
salt  is  obtained  in  a  similar  manner  to  that  of  sahcylsulphiuic 
acid ;  it  forms  deliquescent  needles,  and  decomposes  on  boiling 
with  hydrochloric  acid  or  alcoholic  potash  into  metahydroij- 
benzoic  acid  and  sulphuric  acid.^ 


PARAHYDROXYBENZOIC  ACID. 

2183  Fischer  obtained  tliia  acid  by  the  action  of  nitrous  a 
on  an  aqueous  solution  of  paramidobenzoic  acid,*  and  Saytz 
by  heating  anisic  acid  (mothylparahydxoxybenzoic  acid)  wid 
hydriodic  acid.*  It  is  also  formed  when  para-compounds  such  1 
anisic  acid,*  paracresol,'  parasulphobenzoic  acid,*  &c.,  are  fua 
with  caustic  potash ;  it  may  be  obtained  by  the  same  metb 
from  various  resins,  as  gum  benzoin,  dragon's  hlood,  aloes  i 
acaroid  resin. • 

Kcilbe  prepared  it  synthetically  by  adding  potassium  to  boili 
phenol  and  at  the  same  time  passing  in  carbon  dioxide ;  pant-"" 
hydroxybenzoic  acid  alone  is  formed,  while  if  the  temperature  be 
not  allowed  to  rise  above  130° — 150°,  salicylic  acid  is  obtained. 

Par ahydroxy benzoic  acid  may  Jso  be  prepared  by  the  aclioi 

'  Smith,  Joam.  PraU.  Chem.  [2]  irl  229. 

'  Kretachy,  Brr.  DtuUch.  Chmn.  Qn.  li.  858. 

'  Bsumann,  Slid.  x\.  lOlB. 

•  Atin.  Chem.  Pharm.  cuvii.  120. 

'  Ibid.  ciitTii.  US. 

'  Buth,  ZtitKhrifl.  Chen.  1860,  6E0. 

'  Baitb,  Ann.  Chem.  Pharm.  uliv.  C59. 

■  Eemaen,  ibid  djcjiviii.  381. 

»  Earth  wid  HUsiiruti:,  ibid.  euiiT.  2"4  ;  ciiiii.  T8, 
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of  ciu-bon  dioxide  on  potassiiun  pheuate  at  170' — 210°;'  it  ia 
formed  in  small  quantities,  together  with  salicylic  acid,  when 
sodium  phenate  is  treated  in  a  similar  manner  at  a  lower 
temperature.*  The  fact  that  normal  potassium  salicylate  de- 
composes at  220°  into  carbon  dioxide,  phenol  and  ba^c  potassium 
parahydroxybenzoate,  has  been  already  mentioned,  Parahydrosy- 
benzoic  acid  is  further  obtained,  together  with  a  smaller  quantity 
of  salicyhc  acid,^  by  heating  tetrachlorometliane  to  100°  with 
phenol  and  alcoholic  soda.* 

It  is  formed  in  theoretical  amount  when  the  potassium  salt 
of  paracresylaulphtiric  acid  is  oxidized  with  potassium  per- 
manganate in  alkaline  solution.^  Paracresol  is  also  converted 
into  parahyd  rosy  benzoic  acid  in  passing  through  the  animal 
organism,  while  metacresol  is  found  in  the  urine  as  mctacresyl- 
Bulphuric  acid,  and  orthocresol  is  partly  converted  iutu  ortho- 
cresylsulphuric  acid  and  partly  iuto  bydrototuquinone.^ 

In  order  to  prepare  parahydroxybonzoic  acid,  a  mixture  of 
equal  molecules  of  caustic  potash  and  phenol  is  heated  in  a 
current  of  hydrogen,  the  temperature  being  finally  raised  to  180° ; 
carbon  dioxide  is  then  passed  in  until  the  theoretical  quantity  of 
phenol  has  distilled  over,  and  the  residue  is  then  dissolved  in  water 
and  decomposed  by  hydrochloric  acid.  The  parahydroxybeuzoic 
acid  is  boiled  with  animal  charcoal  and  crystallized  firom  hot 
water.  It  is  thus  obtained  in  small,  monoclinic  prisms,  while  it 
is  deposited  from  dilute  alcohol  in  larger  crystals,'  containing 
one  molecule  of  water,  which  is  lost  at  100°;  it  dissolves  in  5S0 
parts  of  water  at  0°.and  in  126  parts  at  15°,and  is  readily  soluble 
in  hot  water,  alcohol  and  ether,  but  only  slightly  in  chloroform, 
which  is  therefore  employed  to  free  it  from  salicylic  acid.  Its 
slight  solubility  in  carbon  disulphide  is  maite  use  of  in  separating 
it  from  benzoic  acid.  It  melts  at  200°  and  when  rapidly  heated 
decomposes  partly  into  carbon  dioxide  and  phenol,  and  partly 
into  other  products,  which  will  be  described  below.  It  decom- 
poses completely  and  readily  into  phenol  and  carbon  dioxide  on 
heating  with  dilute  sulphuric  acid  in  a  sealed  tube.*  Its  aqueous 
solution  gives  an   amorphous,  yellow   precipitate   with    ferric 

'  Kolbe,  Joum.  PraH.  Chan.  [2]  x.  100. 

"  Osl,  ibui.  [2J  XI.  208. 

>  H«i9a,  Ber.  Deulxh.  Chun.  Om.  ii.  SlSt). 

*  Retmer  uid  Tiemiiin,  ibid,  >i.  1286. 

*  Heyiuanu  nnil  Kuniga,  ibid.  xix.  704. 
'  Bnumauii  and  Preasiie,  ibid.  xix.  70S. 
'  Karttnaiin,  Joiim.  Pratt.  Chem.  [2]  xvL  35. 

*  KlepI,  ibid.  [S]  iiv.  *64. 
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chKvidc.     Phosphorus  pentachloride  converts  it  into  parachloro- 
bonzovl  ohlondo. 

Th^  PxirKLhydnxtyhcHzoatcs,  The  normal  sodium  salt  decom- 
|>\s*.'S  vvmplotoly  at  2*0* — 250*  into  carbon  dioxide,  phenol  and 
the  basic  salt ;  when,  however,  it  is  heated  to  280* — 295*  in  a 
current  of  carK>n  dioxide,  salicylic  acid  is  obtained,  while  both 
hydix^xyisfti^phthalic  acid  and  hydroxytrimesic  acid  are  formed 
at  touijvratun^  above  340*  (Kupferberg).  When,  on  the  other 
hand,  the  acid  is  heated  with  eight  to  ten  parts  of  caustic  soda, 
a  ^xinial  dooom}xisition  into  phenol  and  carbon  dioxide  sets  in  at 
5^>o^*  ^Rurth  and  Schroder),  The  salts  of  methylamine  and 
aniline  dowm{x>9e  at  a  higher  temperature  into  phenol,  carbon 
dioxide  and  the  base,  while  that  of  tetra-ethylammonium 
div\>ni}x\^>s  on  distillation  into  tri-ethylamine  and  ethyl  para- 
hytJrv^xylvnz^^ate.  the  latter  of  which  is  then  partially  resolved 
into  o;uK>n  dioxide  and  phenetoL 

S.o":.  ;  y-.'s'^.i.hyanxrjfhfHZMtf,  C^H^(0H)C02Na  +  SH^O,  crys- 
talliri^is  frvMu  ivnoentiated  solutions  in  transparent  tablets,  which 
otHor\^5^v  in  the  air, 

7\.-3.w.  J  ir^TMh^invrjfipenzoatf,  C«H^(0H)C02K  +  SH^O,  is 
^iuiiiAr  to  tho  Svxiium  salt,  but  is  stable  in  the  air. 

A':-::  ;:..  >  }\trt^h;^inxc^^fizoat€,  C^H^(0H)C02NH^  +  H^O, 
vT\>^iay.:.vs  in  long  prisms. 

(\; »:  ' ;  {\}:\i.hi'x}rt\r^^fKoaUy  (C-Hfi^^jCn.  +  iHjO,  forms  fine 
Uiwilos  iiToujxxl  in  stellate  forms,  anil  is  very  soluble. 

;C  I  -J ,.  • :  ; . '  •  1  \i'ti'\vyWHZtxitf,  (C.H^Oj^Ba  +  HjOy  crystallizes 
x\\  rt:^t.  liistryv.is  noovUos  or  with  two  molecules  of  water  in 
iv^nuvxl  rhoinlv^hixlra  :  l^rjta  water  addeil  to  its  solution  pro- 
duvx  s  :\  prt\  ipitate  of  the  basic  salt,  CH^OgBa,  as  a  sandy, 
orY>itaUino  jvnxdor,  which  is  scarcely  soluble  in  cold  water. 

/.;,j*r  }\r\:\iSrc<:yrHZMtt,  (C;H503)2Pb  -f  2H.,0,  is  a  very 
cl^^nu'tonstio  sc^lt,  and  is  obtaineil  by  neutralizing  the  boiling 
a*\\uv\is  sv^lution  of  the  acid  'with  lead  carbonate.  It  separates 
out  on  ixx^lius:  in  thin,  iridescent  plates  which  take  a  silver 
lust IV  on  drviuvr,  and  rosemble  those  of  benzoic  acid. 

i\y}sr  /MniAy,/Axrv.Viu«^i/f ,  (aH^Oj^^Cu  -f  GH^O,  crystal- 
H.-.os  in  small,  bluish  grtxni  needles,  which  become  dull  and 
insohiblo  on  IxMliug  with  water. 

:<iiVfr  jMirahyilnxiylkmikUe,  C.H^OjAg  +  2Ilfi,  crystallizes 
fi\>m  hot  water  in  small,  lustrous  plates. 

^fi(hl/l }Hirah9/dr(Kryhen:oiJti,C^U^{OH)COfiH^,  is  formed  hy 
heating  together  equal  molecules  of  parahydroxybenzoic  acid. 


ANISIC  ACID.  3S9 

caustic  potash  and  methyl  iodide ;  it  crystallizes  ham  ether  in 
large  tablets,  melts  at  17°  and  boiU  at  283°.^ 

3184  I'arameihoxyhc7hzoicacid,OTAni^cacid,C^'H.^{OCllg)CO^. 
Cahours  obtained  this  compound  in  1839  by  the  oxidation  of  oil  of 
anise-seed,  and  showed  jit  the  same  time  that  it  is  formed  from  the 
"  camphor"  (anethol  or  atlylphenol,  CgH({ OH )CjH5),  contained 
in  this  substance*  Laurent,  in  1841,  prepared  from  tarragon  oil 
(irom  Artemisia  dracunculus),  the  so-called  dragonic  acid  (actde 
draeonigiie),  which,  according  to  Gerhardt,  is  identical  with  anisic 
acid.  This  view  was  subsequently  confirmed  by  Laurent,  who 
also  accurately  determined  its  composition.* 

At  about  the  same  time  Persoz  submitted  oil  of  anise -seed, 
fennel  oil,  and  star-anise  oil  {huilc  dc  Ijadiatit,  from  Illicium 
aniiaiUTR)  to  oxidation,  and  obtained  two  acids,  which  he  named 
iimbellic  acid  (ac-ide  ombelHque)  and  badianic  acid  (acide 
hadianique)}  Hempel  showed,  however,  that  these  are  both 
anisic  acid,"  the  formation  of  which  might  liave  been  expected, 
since  the  oils  employed  contain  anethol.* 

Anisic  acid  was  at  first  looked  upon  as  the  homologue  of 
salicyhc  acid ;  Kolbe,  however,  considered  it  to  be  methoxy- 
benzoic  acid,  since  it  behaves  very  similarly  to  benzoic  acid,  and 
decomposes  into  anisol  (plienyl  methyl  ether)  and  carbon  dioxide 
when  dbtilled  with  caustic  baryta.' 

In  order  to  determine  from  which  of  the  hydroxy  benzoic 
acids  it  is  derived,  Saytzew  heated  it  with  hydriodic  acid,  and 
found  that  the  product  consists  of  parahydroxybenzoic  acid.  It 
was  then  thought  probable  that  anisic  acid  and  winter-green  oil 
would  have  similar  constitutions,  but  Gnibe  showed  that  the 
latter  ia  the  methyl  ether  of  salicylic  acid,  while  Ladenbui^ 
proved  that  in  anisic  acid  the  methyl  group  replaces  the 
hydrogen  of  the  phenol  hydroxyl ;  by  heating  equal  molecules  of 
potassium  paraliydroxybenzoate  and  caustic  potash  with  two 
molecules  of  methyl  iodide,  he  obtained  the  methyl  ether  ol 
paramethoxy  ben  zoic  acid  (anisic  acid)  and  prepared  the  free  aciil 
by  saponifying  with  potash  and  decomposing  the  product  with 
hydrochloric  acid.*  Anisic  acid  may  also  be  obtained  by 
oxidizing  orthocresyl  methyl  ether  with  chromic  acid  solution." 

'  Lodenbnrs  ■ntl  Fitz,  Ann,  Chem.  Pharm.  cxli.  217. 

>  Ibid.  ili.  88.  '  Ibi4.  iliv.  818.  *  Uid.  iliv.  Sll. 

•  Jbid,  lix.  104,  •  Cahours.  iMrf.  xxxv.  312. 

'  LiArb.  rf.  Oflon.  CA«a.  ii.  !3S. 

'  Ana.  CKem.  Phann.  etXl  241. 

'  Kbnier,  Zeilichr.  Chan.  1868,  328. 
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In  orvier  tv^  pf^par?  it,  1  part  of  oil  of  anise  seed  is  poured 
izi:o  s  s^>lTiiiv>n  of  5  parts  of  potassium  dichromate  in  10  parts 
1^"  5:i:ph\ino  aoid  and  ^  parts  of  water,  which  is  heated  to  50^ 
The  r^dbctkn  is  cvunpleted  in  a  few  minutes  and  the  solution  is 
thra  allowed!  to  cool,  the  anisic  add  filtered  off  and  purified  by 
pc^'ipitanon  with  hTditochloiic  add  finom  solution  in  ammonia 
.  Lakit^bor^  azhl  FitxX 

It  oTT^nallizes  in  long  monoclinic  prisms  or  needles,  melting 
at  1S4\  which  dissolve  in  2500  parts  of  water  at  18°.  It  is 
l«.^eraKT  ;s^vIuKe  in  boiling  water  and  very  readily  in  alcohol 
On  Lx-^ATinc  ^irh  hydriodic  or  concentrated  hydrochloric  acid,  or 
OQ  fasix'oi  «i;h  [K>tash.  it  is  converted  into  parahydroxybenzoic 
av'xi. 

I:$  $;^t5w  which  cTTSt&Uixe  well,  have  been  chiefly  investigated 

bv  Eiio^ihArdt  and  bv  BorelbL^ 

Melting-point    Boiling-point. 

Moihvl  ]>az^n)e:hoxvbeiuBoate,* 

oXAHH^^>>rCH,.«alo3  .        .      45"— 46'*  255'* 

E:hvl  |^ar!ano:hvecvbenjEoate,' 

0,H,O^HjX\VC A,  liquid  .       .  —  250**— 255^ 

Kihv-  }xu^hv.ii\>xvK>nroate,* 

O' 11   OH\WaH,.  cr^-stols  .        .  116'*  29r— 298' 

0,H,aX\H,W^.  needles      .       .  195 

KtV.v'.  mn»-»-:hv'>xvK>na>ate* 
CH'.iV\H;  CO j.O,H^.  liquid   .       .  ~  275 


i"*© 


■ro 


i^:-,)-^Kv^*.:^V'«cv^V  acut  C4H^(0C0.CHs)C0jH,  is  formed 
\xho!\  jv\nihYorv>xyK>n2oio  acid  is  heated  with  acetic  anhy- 
vlri^lo.  It  is  ^liirlitly  Sk^luble  in  water,  and  crystallizes  firom 
o:;U^y\^torm  iu  lArgt>  plates*  which  have  a  silver  lustre  and  melt 
at  isy  ^KlopW 

iH«'«< t.*  jv:  •^n.hySrwryhrn^iaU,  C^H^^0H)C0j.C^H5,  occurs  in  the 
prwluotcii  which  arv  formed  by  the  dry  distillation  of  the  acid.  It 
is  ius^^lublo  in  >**ator.  but  rvaililv  soluble  in  alcohol  and  chloro- 
form,  frvHu  which  it  cr}-stallizes  in  compact,  rhombic  tablets,  which 
molt  at   17G^\  dissi^lve  readily  in  caustic  soda,  and  are  decom- 

>  '.\i:.  Chim,   ItnL  xr.  804  ;  Jnn,  C%<m.  Pkarm.  cviii.  240. 
-  l-aiiviibuf):  aiul  Fitz,  ibuL  cxli.  252. 
^  Cahours  ibUL  h-i.  810, 

*  lJmU\  ibUL  oxxiix.  146 ;  Hartmann.  Jonm.  Pralt,  Chrm.  [2]  xvi.  50. 

*  Udenburg  and  Fiti ;  Fuchs,  Bcr.  Vcutafh,  Chan,  Gcs,  ii.  624. 
'  Lailoii  burg  and  FiU. 


AHAHETHOXYBENZOATE. 

posed  by  it  even  in  tlie  cold  with  formation  of   pliengl  and 
paxafaydroxybenzoic  acid  (KJepI). 

Paraphtnorybenzoic  acid,  C(|Hj(OCnHj}COjH,  is  obtained  by 
boiling  the  following  compound  with  alcoholic  potash,  or  by  heat- 
ing it  to  200°  wilh  concentrated  hydrochloric  acid.     It  is  readily 
soluble  in  alcohol  and  ether,  and  crjatalhzes  from  chloroform  in 
long  prisma  melting  at  159'5°,   When  heated  with  caustic  baryta 
r    it  decomposes  into  carbon  dioxide  and  diphenyl  ether. 
B      Phenyl  paraphcnoxyhetiioaie,  CflH,(OCaH5)COj.C|,H5,  is  formed 
^  when  parahydroxybenzide,  which  is  described  bolow,  is  heated 
to  about  400°,  preferably  in  a  current  of  carbon  dioxide.     It 
crystallizes  from  dilute  alcohol  in  fatty  scales,  which  melt  at 
73° — 78",  and  sublime  at  a  higher  temperature,  forming  a  vapour 
which  smells  like  the  geranium. 

2185  Anhydrides  of  paraht/droxyhenzoic  add.     When  para- 
hydroxybenzoic  acid  is  submitted   to  dry  distiliation,  only  half 
of  it  is  decomposed  into  carbon  dioxide  and  phenol,  which  distils 
ttver  accompanied  by  water,  and  phenyl  parahydroxybenzoate ; 
the  distillation    is   continued,   the   boiling    acid    suddenly 
becomes  turbid,  and  a  milky  liquid  settles  in  the  retort,  until 
at  350"  the  residue  solidities  to  a  white  amorphous  moss.^ 
Farahydrarybenioylparahydroxyhemoic  acid, 
.OC0.C«H,.OH 
C-H,-^  In  order  to  prepare  this  compound,  the 

distillation  is  stopped  as  soon  as  the  acid  has  lost  about  15  per 
ceut.  of  its  weight  and  before  any  turbidity  has  appeared.  The 
.Ksidue  is  boiled  with  chloroform  and  water,  and  the  compound 
then  extracted  with  dilute  alcohol  and  purified  by  re-cryatal- 
jization.  It  forms  short,  microscopic  needles,  which  melt  at 
iS61°  and  are  rapidly  crmverted  into  parahydroxybenzoic  acid  in 
■Ikaline  solution.  As  a  monobasic  acid  it  forms  a  barium  salt, 
^Ci,H,Oj)jBa,  which  crystallizes  in  long  plates  containing  water 
F  crystallization.  On  heating  with  acetic  anhydride,  the  mono- 
letyl  compound,  CnHg(CjHjO)Oj,  is  formed ;  it  crystallizes  in 
nail  plates,  melting  at  216'5°. 
DiparahydTOxyhenxoylpardh  ydroxyhenzoic  acid, 

.ocb.CnH,o.cb.c„H,,  OH 

It^H.f^,  ,  is  contained  in  the  residue  ob- 

filled  in  the  preparation  of  the  preceding  compound,  and  also  in 

'  Slopl,  Jaiim.  Pniii.  Chem.  [2]  XXV,  &2S  ;  XXVU\.  \^^. 
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the  amorphous  mass  formed  by  the  distiUation  of  parahyi 
benzoic  acid,  from  which  it  may  be  extracted  by  absolute  alcohi 
It  ia  a  white,  non -crystalline  powder,  which  ia  slightly  soluble  a 
alcohol  and  ether,  but  insoluble  in  water  and  chlorofomi ; 
melts  at  280°,  and  readily  dissolves  in  alkalis,  being  gradual 
converted  into  parahydroxy benzoic  acid,  while  it  is  not  alte 
by  boiliDg  water,     When   the   acid  ia  suspended   in   a  ; 
quantity  of  water  and  treated  with  sufficient  caustic  soda  \ 
effect  solution,  the   compound  Cj,Hj^OjNa  is   precipitated  | 
needles  after  some  time.    The  acetyl  compound,  CjjH(3(CjHjO)Qj 
is  formed  by  heating  the  acid  with  acetic  acid  ;  it  crystallize 
needles  melting  at  230°. 

PartUiydroxybetizide,  (CjHjOj)„,  is  the  final  product  of 
action  of  heat  upon  parahydroxybeiizoic  acid,  and  forms  a  white, 
amorphous  powder,  which  is  insoluble  in  the  ordinary  solvents, 
and  carbonizes  at  350°  without  previously  melting.  Boiling 
concentrated  caustic  potash  converts  it  into  parahydroxy benzoic 
acid  ;  on  heating  with  concentrated  sulphuric  acid,  parahydroxy- 
betizoylsulphuric  acid  is  obtained,  while  parachlorobenzenyl 
trichloride  is  formed  by  the  action  of  phosphorus  chloride  at  3(Mi 
Cp.  196). 

Anisic  ankydridt,  (CeH/OCHj~  00)^0,  is  obtained  by  i 
action  of  phosphorus  oxychloride  on  sodium  anisate.  It  crj 
tallizes  from  ether  in  small,  silky  needles,  which  melt  at  ! 
and  volatilize  at  a  higher  temperature  without  decomposition.* 

Mcihylparahydroxyhenzcfyl   ciiloridc,  or  Anisyl  chloride, 
(OCHJCOCl,  is  formed  by  the   action   of  phosphorus  pent 
chloride  on  anisic  acid.*    It  forms  long  needles,  which  cannot  1 
volatilized.' 

raracarbonylphmylphospkoryl  chloride,  CuH^(OPOCyCO( 
is  prepared  by  the  action  of  phosphorus  pentachloride  on  ( 
hydrated  parahydroxybenzoic  acid,  the  reaction  being  moj 
violent  than  in  the  case  of  salicylic  or  metahydroxy benzoic  acit 
It  boils  at  176°  under  a  pressure  of  13 — 14  mm.,  and  ia 
powerfully  refractive  liquid.  Water  converts  it  into  paracarbom 
arthophosphoric  add.  C„H/COjH)PO(OH;)j.  which  crystallizes 
fine,  white  plates,  melting  at  200° ;  it  is  only  decomposed  1 
water  at  150° — 160°,  parahydroxybenzoic  and  phosphoric  aa> 
being  formed.  When  the  chloride  is  distilled  slowly  under  Ij 
ordinary  pressure,  it  passes  over  almost  unaltered,  only  a  i 

'  Cahours,  ibid,  Ixi 


portion    decomposing  into  phosphorus   oiychloride   and   para^ 
chlorobenzoyl  chloride. 

The  behaviour  of  this  chloride  towards  a  second  molecule  of 

phosphorus  pentachloride  is  of  considerable   interest,  since  it 

differs  from  that  of  its  isomerides  inasmuch  as  no  parahenzenyl- 

liirichlorophosphoryl    chloride    is    formed,    but    the    compound 

Ldecomposes  into  phosphorus  oxychloride  and  parachlorobenzoyl 

"blonde,  the  latter  being  then  partially  converted  into  para- 

blorobenzenyl   trichloride.      The   phenol-oxygen    is   therefore 

!  readily  replaced  by  chlorine  when  it  occupies  the  para- 

jsitioD    than    when    it    is    present    in   either   an   ortho-   or 

§  iaeta-disubstituted  compound.' 

Parahydroxi/hcmaviide,  CaHj(OH)CO.NH^+HgO,  is  obtained 
by  heating  the  ethyl  ether  with  ammonia  under  pressure.  It 
crystalhzes  from  hot  water  in  strongly  lustrous,  rhombic  needles, 
which  lose  their  water  of  crystallization  at  100°  and  then  melt 
at  162.' 

Anisamule,  C8H,(OCH3)CO.NHj,  was  prepared  by  Cahours 
from  the  chloride  by  the  action  of  ammonia;  it  crystallizes  in 
prisma,  melts  at  137° — 138°,  sublimes  in  broad  plates  and  boila 
at  295*  (Henry). 

Parahydroxyiemanilide,  CaH4(OH)CO.NH(CoHs),  is  formed 
when  the  acid  is  heated  with  aniline  and  the  product  treated 
with  phosphorus  trichloride.  It  crystallizes  from  hot  water  in 
yellowish,  lustrous  plates,  melting  at  196° — 197°.  It  forms 
salts  of  potassium  and  sodium,  which  are  readily  soluble  and 
crystallize  well  (Kupferberg). 

Anieanilidc,  C,H,(OCH3)CO.NH(CeH5),  was  obtained  by 
Ziossen  as  a  product  of  the  distillation  of  benzanishydroxaroic 
acid  (p.  340).  It  is  slightly  soluble  in  cold  alcohol,  and 
crystallizes  in  rhombic  plates,  melting  at  168°^169°. 

FaraAydrox-ybenziiric  add.,  CaHj(OH)CO.NH.CHj.COjH,  ap- 
pears, together  with  parahydroxybenzoylsulphuric  acid,  in  the 
"urine  of  the  dog  after  the  administration  of  parahydroxybenzoic 
acid  ;  it  crystallizes  in  short  prisms,  which  are  tolerably  soluble 
in  water  (Baumann  and  Heiter). 

Anianric  add,  CgH4(OCH3)CO.NH.CHg.COjH.  was  obtained 
by  Cahours  from  silver  amido-acetate  and  anisyl  chloride,*  and  is 
»  found  in  the  urine  after  anisic  acid  has  been  taken ;  ^  it 

'  Anscliiit*.  private  coramonicatioD. 

'  Ann.  Chan.  Fhn,rm.  cii.  82. 

'  Gcikbe  and  Schultzen,  ibid,  cxlii.  31S. 
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forma  foLiaceoos  crjrstab,   wMcli    are  readily  soluble    ia  hot 
water. 

ParahydroryhevsonitrU,  CflHj(0H5CN,  is  formed  when  am- 
moaiuiQ  parahydroxybenzoate  mixed  with  phosphorus  pontoxide 
ia  distilled  in  a  current  of  carbon  dioxide  ^artmann),  and. 
by  the  action  of  ainnionia  on  parahydroxybenzide  mixed  with 
pumice-stone  and  heated  to  250°  (KlepI).  It  crystallizes  from, 
hot  water  in  rhombic  tablets,  which  melt  at  11S°,  and  have  % 
sweet  but  pungent  taste ;  it  forma  a  aeries  of  salts  in  which  tha 
phenol-hydrogen  is  replaced  by  the  metal. 

An,i»onilHl,  CgH((OCHj)GN.  Henry  obtained  this  subsl 
by  distilling  the  amidu  with  pliospliorus  pcntachloride.  It' 
crystallizes  from  hot  water  in  small  needles,  and  from  ether 
long,  white,  lustrous  prisma,  has  a  penetrating,  characteristic 
rank  odour,  melts  at  5G° — 57",  and  boils  at  253° — 254°. 


SUBSTITUTION  PRODUCTS  OF  PARAHYDROXY- 
BENZOIC    ACID. 

2186  Oiloroparahydfoxyhcnzoio  add,  C5H3Cl(OH)CO,H, 
(3:4: 1),  is  formed  by  heating  paraliydroxybenzoic  acid  wil 
antimony  pentachloride,^  and  by  the  action  of  alcoholic  potaalj 
on  orthochloro phenol  at  125* — 136°."  It  is  slightly  soluble 
cold,  more  readily  in  hot  water,  and  crystallizes  in  amall  needle^ 
which  melt  at  161)° — 170°,  and  sublime  without  decomposition. 
Ferric  chloride  produces  a  brown  precipitate  in  a  concentrated 
solution ;  phosphorus  pentachlorido  converts  it  into  the  chloride 
of  o-dichlorobenzoic  acid  (Losaner), 

DiclUoroparahydroscybcnzov:  add,  CjH2Cl2(OH)C02H.  has  a1 
been  prepared  by  Lossner ;  it  crystallizes  in  fine  needles,  wl 
melt  at  255°— 256°. 

DiliT&nu)parahydroxt/henzoic    acid,  CaHjBrg(OH)COjH:,  (3 
4:1),  has  been  obtained  from  dibromanisic  acid.     It  is  scat 
soluble  in  water,  and  crystallizes  from  alcohol  iu  needles,  w] 
melt  with  decomposition  at  266° — 268°,  but  subUme  at  a 
temperature.      A    monobromoparahydrosybenzoic    acid    i 
known ;  when  bromine  water  is  added  to  a  solution   of 

'  riT.  DmlMh.  Clunt.  ffcit.  ii.  066. 

'  Ldssncr,  Jmirn.  Frail.  Chrm,  [2]  iiiii.  432. 

'  Hasse,  £er.  DeiUndi.  Chtm.  Gti.  x.  21B2. 
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hydroxy  ben  zoic  acid,  a  precipitate  of  tribromopheuol  is  produced 
(Bai-th  and  Hlasiwetz). 

Joilfjjmmhydroxybenx&ic  add,  2CbH,I(0H)C0jH  +  H,0,  is 
formed  wben  parahydroxybenzoic  acid  is  boded  with  water, 
iodine  and  iodic  acid ;  it  crystallizes  from  hot  water  in  small 
needles,  which  become  anhydrous  at  10l}°  and  then  melt  at 
192°.' 

Pi-iodoparahydrorgbaisoia  acid,  CgH,Tj(0H)C03H,  is  formed 
togetlier  with  the  preceding  compound,  and  crystallizes  in  small 
needles,  which  are  scarcely  soluble  in  water,  hut  readily  in 
alcohoL 

NitroparaJiydrorylienzoic  asid,  G^n^(^0^(flYl)CO^Y{,  (3:4: 1). 
Griess  obtained  this  compound  by  the  action  of  boiling  potash  on 
S-nitro-amidohenzoic  acid*  It  is  also  formed  in  small  quantity, 
together  with  |Q-nitro-salicyhc  acid,  by  heating  orthonitrophenol 
with  alcohohc  potash  and  tetrachloromethane  (Hasse).  ItcTystal- 
lizes  from  boiling'  water  in  yellowish  needles,  melting  at  185°, 
Its  solution  is  not  coloured  by  ferric  cldoride. 

I  Basic  barium,  nitToparahydrtKcyheiKoatc,  C^H^NOgBa  +  H^O,  is 
obtained  by  adding  barium  chloride  to  a  hot,  ammoniacal  solu- 
tion of  the  acid.  It  forms  yellowish  red,  lustrous  plates. 
DiniiToparahydroxyhensole  acid,  CaHj(NO,),COH)COjH.  (3:5: 
1:4)  Is  formed  when  a  boiling  solution  of  dinitroparamidobenzoic 
acid  is  treated  with  nitrous  acid  or  with  caustic  potash.  It  is 
elightly  soluble  in  cold,  more  readily  in  hot  water,  and  crystallizes 
in  large,  thin  tablets,  which  are  coloured  light  yellow  to  bronze, 
and  melt  at  23.5°— 237°.' 

Its  salts  are  coloured  yeUow  or  orange-  red,  and  crystallize 
WeU. 

Barth  has  prepared  a  mono-  and  a  di-  nitro-acid  by  tbo  action 
of  nitric  acid  on  parahydroxybenzoic  acid,  both  of  which  seem  to 
be  different  from  the  preceding  compounds. 
AmidopaTahydrvxyhenzoic  acid,  CeH,(NH„)(OH)COjH.    Earth 

E "'"'lined  this  substance  bythe  reduction  of  hisnitroparahydroxy- 
zoic  acid.  It  crystallizes  in  needles  and  forms  a  sulphate 
ch  also  crystallizes  in  needles,  and  gives  a  dark  cherry-red 
luration  with  concentrated  nitric  acid. 
'•ulphoparahydToxybemoic  acid,  G^4^Q0^{QS)C0^,  was 
pared  by  Kolle  by  the  action  of  sulphur  trioxide  on  para- 


I 


'  Pelnr.  Anii.  Chem.  Phnrm.  oxlvi.  288. 

'  Ber.  DeiUfch.  Chein.  Ckn.  v.  858. 

'  Salkowski,  Ann.  Chem.  Pliarm.  clxxn.  36. 
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hydroxvbenzoic  acid.^  It  is  also  obtained  when  the  latter,  or 
parahydroxjbenzide,  is  heated  with  concentrated  sulphuric  acid 
(Elepl),  and  forms  deliquescent  needles,  which  are  insoluble  in 
ether.  Ita  solution  is  coloured  blood-red  by  ferric  chloride ;  on 
fusion  ¥rith  potash,  it  yields  protocatechuic  acid. 

Acid  potassium  sulptiopartihydroxybenzoate,  CyH^SO^K  +  HjO, 
is  a  very  characteristic  salt,  since  it  is  even  less  soluble  in  water 
than  acid  potassium  tartrate.  It  crystallizes  from  a  hot  solution 
in  quadratic  tablets  or  prisms,  and  from  a  less  concentrated 
solution  in  rectangular  plates  which  are  obliquely  striated  (Rlepl). 

Parahydroxyhemoyl  suiphuric  acid,  CgH^(S0^H)C02H,  occurs 
as  an  alkali  salt  in  the  urine  of  the  dog  after  administration  of 
parahydroxybenzoic  acid.  The  potassiimi  salt,  CgH^(SO^K)C0,K, 
is  obtained  by  heating  an  alkaline  solution  of  parahydroxybenzoic 
acid  ^dth  potassium  disulphate,  and  crystallizes  in  lustrous 
plates  or  tablets,  which  decompose  at  250°  with  formation 
of  potassium  sulphate  and  anhydrides  of  parahydroxybenzoic 
acid.^ 


SUBSTITUTION    PRODUCTS   OF  ANISIC   ACID. 

2187  Chloranisic  acid,  CeHjClCOCHs^CO^H,  is  formed  by  the 
action  of  chlorine  on  fused  anisic  acid,  and  crystallizes  from  dilute 
alcohol  in  Dcedles  or  rhombic  prisms,  which  melt  at  176°  and 
volatilize  without  decomposition.* 

Dichloranisic acid,  CeH2Cl2(OCH3)C02H,  is  obtained,  together 
-with  chloranil,  by  heating  anisic  acid  with  hydrochloric  acid  and 
potassium  chlorate ;  it  crystallizes  from  alcohol  in  large  needles 
melting  at  196V 

Bromanisic  acid,  CgH3Br(OCH3)C02H,  is  formed  by  the  action 
of  bromine  on  anisic  acid  (Cahours),  the  latter  being  kept 
covered  with  hot  water.^  It  crystallizes  from  alcohol  in  needles 
which  melt  at  213° — 214"*  and  sublime  in  small  plates. 

jyihroinanviic  acid,  CgH2Br2(OCH3)C02H.  Reinecke  pre- 
pared this  substance  by  heating  anisic  acid  to  120**  with  bromine 
and  water ;  it  crystallizes  in  long  needles  melting  at  207^     On 

'  Ann.  Chem.  Phann.  clxiv.  150. 

2  Baumann,  Ber.  Dmtsch.  Chem.  Gm.  xi.  1016. 

'  Cahours,  Ann.  Chnn.  Pharm.  Ivi.  31  J. 

^  R<3inecko,  Zcitwhr.  Chcm.  1866,  866. 

*  Salkowski,  Bcr.  DciUsch.  Chem,  Gcs.  vii.  101?. 


further  treatment  with  bromine,  tribromanisol  and  tetrabromo- 
quinone  are  formed,  while  fuming  nitric  acid  converts  it  into 
dibromonitro-anisol,  C„H,Brj(NO;)OH,  (3:5:4:1),  which  was 
previously  obtained  by  Korner  in  a  different  manner,  the  con- 
stitution of  the  acid  being  thus  shown.^  Wlien  its  sodium  salt 
ia  distilled  with  lime,  the  methyl  ether  is  formed,  together 
with  the  basic  sodium  salt  of  dibromoparahydroxybenzoic 
acid:* 

,COsNa  .COJ.OCH3  ,CO,Na. 

2C.H,Br.<  =  CoH.BrZ  +  C^H^Br/ 

\OCH»  ^OCHs  \ONa 

This  ether  crystallizes  from  alcohol  in  lustrous  needles  melting 
at  Ol-o"— 02°. 

The  dibromoparahydroxybenzoic  atrid  is  also  obtained  by 
heating  dibromanisic  acid  with  hydriodic  acid.^ 

lodanisie  acid,  CoHjI(OCH3)COjH,  was  prepared  by  GriesB 
from  diazo-amido-anisic  acid,*  while  Peltzer  obtained  it  by 
heatingaoisic  acid  to  145° — 150°  with  iodine  and  iodic  acid.*  It 
crystallizes  from  alcohol  in  needles,  which  melt  at  234"5°,  and 
sublime  in  small  plates. 

NUro-anisic  acui,  CflHg(N0j)(0CH3)C0i,H,  was  obtained  by 
Cabours  as  a  product  of  the  a.-tion  of  nitric  acid  on  anisic  acid 
and  anisol."  In  order  to  prepare  it,  anisol  is  allowed  to  drop 
into  ten  times  its  weight  of  warm  nitric  acid,  of  specific 
gravity  1'4,  the  mixture  boiled  for  a  short  time,  and  the  acid 
thirn  precipitated  by  water ;  it  is  well  washed  and  finally  freed 
from  an  admixed  oil  by  solution  in  ammonia  and  re  precipitation 
by  hydrochloric  acid.'  Nitro-anisic  acid  is  sHghtly  soluble  in 
water,  and  crystallizes  &om  alcohol  in  compact  prisms  melting  at 
18!)°.  On  heating  with  water  to  220°,  it  decomposes  into  ortho- 
nitrophenol,  methyl  alcohol  and  carbon  dioxide,*  while  aqueous 
ammonia  at  140° — 170°  converts  it  into  S-nitro-amidobenzoic 
aci*f." 

Its  salts  have  been  investigated  by  Engelhardt.*" 
JHnUro-anmc  acid,  G^^^O.^JS^^^^^^^-    Salkowski  and 
Rudolph  prepared  this  substance  by  dissolving  anisic  acid  in 

1  Biklbiano,  Oax.  Ckiia.  Jtal.  liT.  9.  '  Ibid.  xiii.  S5. 

»  Altatd,  tirid.  i».  248.  *  Aim.  Vkem.  Fhnrm.  oiyiL  61. 

•  Ibid,  eilvi.  302.  •  Ctthoura,  ibid.  ili.  71. 
'  Stlkowski,  ibid,  clxiii.  6. 

■  Snlfcoivgki  Bud  Rudoljih,  Bcr.  IMiil»c-h.  Chrm.  Gta  x.  1251. 

■  Salkowski,  Ann.  Ckem.  rhann.  clxxiii.  35. 

*  Ziuio,  did.  icii.  327  ;  Cshourj,  ibid.  cix.  21. 
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portions  of  40  grammes  at  a  time  in  a  well-cooled  mixture  of 
sulphuric  and  nitric  acids,  160  grammes  of  the  former  and  140 
of  the  latter  being  required  for  each  portion  of  anisic  acid; 
notwithstanding  the  low  temperature,  carbon  dioxide  is  evolved 
and  di-  and  tri-nitro-anisol  are  formed.  The  dinitro-anisic  add 
separates  from  the  acid  solution  on  standing,  and  is  then  dissolved 
in  a  cold,  dilute  solution  of  sodium  bicarbonate,  re-precipitated 
by  alcohol  and  finally  purified  by  re-crystallization  from  dilute 
alcohol  It  forms  yellowish  needles  melting  at  181** — 182^aIld 
on  boiling  with  caustic  soda  decomposes  into  methyl  alcohol  and 
dinitroparahydroxybenzoic  acid,  while  it  is  inmiediately  converted 
into  chrysanisic  acid  by  boiling,  concentrated  ammonia  (p.  258). 

Amido-anisic  add,  CgH3(NH2)(OCH3)C02H,  is  obtained  by 
reducing  nitro-anisic  acid  with  alcoholic  ammonium  sulphide.^ 

It  is  slightly  soluble  in  water,  readily  in  alcohol,  and  crystal- 
lizes in  long,  thin,  four-sided  prisms,  which  melt  at  180°  and  are 
decomposed  into  carbon  dioxide  and  anisidine  when  heated  with 
caustic  baryta  (Part  III.  p.  249). 

Methyl  amido-anisate,  CeH3(NH2)(OCH8)C02.CHj,  was  pre^ 
pared  by  Cahours  from  the  methyl  ether  of  nitro-anisic  acid  by  re- 
duction ;  it  crystallizes  in  prisms  which  readily  dissolve  in  alcohol 

Methylam ido-anisic  acid,  CgHjCN  H.C  H3) (OCH3)C02H.  Griess 
obtained  this  substance  by  heating  potassium  amido-anisat^  with 
methyl  iodide.  It  is  slightly  soluble  in  hot  water  and  cold 
alcohol,  but  more  readily  in  hot  alcohol,  and  melts  above  200°.* 

Trim  cthyla  m  ido-  an  isic  acid,  or  TrinuthylaHUc-hitaxnef^^  ^H^NOj 
-f-  SH^O,  is  formed  by  the  action  of  methyl  iodide  and  caustic 
potash  on  anisic  acid,  and  crystallizes  from  water  in  well- 
formed,  vitreous  prisms,  which  have  a  bitter  taste  and  are  neutiiJ 
to  litmus  paper. 

It  IS  completely  converted  by  distillation  into  the  mctamenc 
methyl  ether  of  dimethylamido-anisic  acid : 

/OCHj  /OCH, 

C«H,— CO— O  ^  CoHj^CO.OCH,. 
\      /  \N(CH3), 

The  latter  substance  is  a  yellowish  liquid,  which  has  a  faiu^ 
aromatic  odour  and  boils  at  288°.* 

1  Zinin,  Ann.  Cham,  Phann.  xcii.  827  ;  Cahoura,  ibid.  cix.  21. 

2  Bcr.  Deuiach.  Chcm.  Gcs.  v.  1042. 
•  Griess,  ibid.  vi.  587. 
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'  3i88  Tliose  boJiea,  which  corrosponfl  to  the  bi-nzenyloiEime 
Compounds  (p.  207),  are  prepared  in  an  exactly  similar  manner, 
4nisyl  chloride  being  gradually  added  to  a  solution  of  hydi'oxyl- 
^mine  hydrochloride,  which  is  kept  faintly  (ilkaline  by  the  addition 
of  dilute  carbonate  of  soda  solution.  A  mixture  of  anishydrox- 
amic  acid,  di-anishydroxamic  acid  and  anisic  acid  is  thua 
obtained.  Boiling  water  extracts  from  this  a  portion  of  the 
anisic  acid  and  all  the  anishydvoxamic  acid,  these  being  sub- 
sequently separated  by  means  of  their  barium  salts,  that  of  the 
former  being  soluble  while  that  of  the  latter  is  insoluble  in  water. 
The  diy  mixture  of  the  two  acids  may  also  be  extracted  with 
warm  absolute  ether,  in  which  anishydroxamic  acid  is  almost 
insoluble.  The  di-anishydroxamic  and  anisic  acids  are  separated 
by  treatment  with  a  cold  solution  of  sodium  carbonate,  which 
dissolves  the  latter  completely,  while  only  a  small  portion  of  the 
former  enters  into  solution.  The  liquid  is  filtered  rapidly, 
because  di-anishydroxamic  acid  is  easiiy  decomposed  by  carbon- 
ate of  soda,  the  filtrate  almost  neutralized  with  hydrochloric 
acid,  and  then  saturated  with  carbon  dioxide,  all  the  di-anis- 
hydroxamic acid  present  being  thus  precipitated.' 

AnUhydrimimic  acid,  CH^O.CaH^.CCOH^NOH,  is  slightly 
soluble  in  cold,  readily  in  hot  water  and  alcohol,  but  is  almost 
insoluble  in  ether ;  it  crystaUizes  in  small  plates,  melting  at 
156° — 157°,  and  is  coloured  deep  violet  by  ferric  chloride.  The 
acid  potassium  salt.  CgHsKNOj -f- Cj,Hj,NOg.  forms  long,  flat 
needles,  which  are  tolerably  soluble  in  cold  water.  Lead  acetate 
prmluces  a  thick,  white  precipitate  *  of  CHaOjPbCaHgNOa. 

Ethyl  anis^ydroxamate,  CH,O.CaH,.C(6H)NOCjH5,  is  formed 
by  the  action  of  auisyl  chloride  on  ethylhydroxylamine ;  it  is 
insoluble  in  water,  readily  soluble  in  alcohol,  loss  easily  in  ether, 
from  which  it  crystallizes  in  tablets,  which  melt  at  84'  and 
have  feeble  acid  properties.  On  heating  with  concentrated 
hydrochloric  acid,  it  ia  split  up  into  anisic  acid  and  ethyl- 
liydroxylamine.' 
EtkylanxBhydroxamie    acid,    CHsO.CaH(,CfOC»HJNOH,    is 

'  Loaseu,  Ann,  Chan.  Phann.  cksv.  231. 
*  HiMlgGB,  ibid,  clxxxii.  213. 
'  Picper,  ibid.  coxviL  16. 


obtained  by  beating  the  ethyl  ether  of  anisbenzhydroxamic 
acid  with  caustic  potash.  It  is  precipitated  by  carbon  dioxide 
a^  an  oily  liquid,  which  solidifies  to  a  crystalline  mass,  melting 
at  32*.  It  b  readHy  soluble  in  alcohol  and  ether,  and  decomposes 
on  heating  with  hydrochloric  acid  into  ethyl  anisate  and 
hydroxy  lam  ine.^ 

DianishydroxamKaeid,Cnfi.C^n^.C(NO.CO.C^U^.OCJ{^OU, 
is  scarcely  soluble  in  water  and  ether,  slightly  in  alcohol, 
and  crystallizes  in  needles,  melting  at  142° — 143°.  It  is  de- 
composed by  baryta  water  into  anisic  acid  and  anishydroxamic 
acid. 

Bmumwkydroxaviic  acid,  Q^B.^.Cg^O.C.O.CaB^.OCB.^Qm,  is 
formed  by  heating  benzhydroxamic  acid  to  100°  with  anisyl 
chloride.  It  crystaUizos  from  alcohol  in  needles  or  prisms,  which 
meltat  13I°— 132°.  On  heating  with  baryta  water,  it  decora- 
poaea  into  anisic  acid  and  benzhydroxamic  acid,  while  boiling 
water  splits  it  up  into  carbon  dioxide,  anisic  acid  and  diphenyl 
urea.  When  heated  alone,  it  yields  carbon  dioxide,  phenyl 
iaocyanate,  anisic  acid  and  anisanilide.CgHj.NHCCO.CgH^.OCHj). 
•  a-El.hylhenzaniskydroxam.ate,  or  Benzanisethylkydroxylamint; 
CaH,.C(NO.CO.C,H,.OCH3)OC,H5,  is  obtained  by  the  action  of 
ethyl  iodide  on  silver  benzanishydroxamate.  It  crystallizes  from 
a  mixture  of  ether  and  benzene  in  thick,  monoclinic  tablets, 
melting  at  74°  (Pieper).  It  is  decomposed  by  caustic  pot; 
into  anisic  and  a-ethylbenzbydroxamic  acids,  and  by  hydrochloril 
acid  into  anisic  acid,  ethyl  benzoate  and  hydrosylam. 

^-EthylhenzanishydToxamate  is  formed  by  the  action  of  anisyl 
chloride  on  a-  or  /3-etbylbenzhydroxamic  acid,  and  separates  from 
ether  in  monoclinic  crystals,  melting  at  89°.     On  beating  with. 
concentrated  caustic  potash  solution,  it  decomposes  into  ani 
acid  and  ;9-ethylbenzhydroxamic  acid,  while  on  dry  distlllati 
it  decomposes  into  benzonitril,  anisic  acid  and  aldehyde. 

AnisitjKhydroxamic  aeid,   CHsO.CeH^C(NO.CO.CoHs)OH, 
obtained  from  anishydroxamic    acid  and  benzoyl   chloride 
crystallizes  in  needles  or  prisms,  which  melt  at  147° — 148°, 
decompose  at  a  higher  temperature  into  carbon  dioxide,  beuzoii 
acid,  anisot  isocyanate,  CON.CeH^.OCHj,  and  benzoylanisid 
NH(CO.CeH,)CoH..OCHB. 

Elhyl  anishemhydToxamate,  or  AnisbcKxlhylhydroxyJamvM, 
CH,O.CaH,C(NO.CO.CeH(,)OCsH„  crystallizea  in'  short,  four- 
sided,  asymmetric  pyramids,  melts  at  79°  and  ia  decomposed 


let.. 


by  caustic    potash  into  benzoic  acid  and  ethylanishydrosamic 
acid. 

Stmelhi/lanishi/dmvylamine.  CoHsC(NOCjHj)O.CO.CeH^. 
OCH3.  is  obtained  by  the  action  ofanisyl  chloride  on  the  silver  salt 
of  ethylbenzhyJroxamate,  and  separates  from  ether  in  asymmetric 
crystals,  melting  at  64°.  It  is  decomposed  by  highly  concentrated 
caustic  potash  into  anisic  acid  and  ethylbenzhydroxamate. 

is  formed  when  a  solution  of  ethylaniahydroxamate  in  caustic 

potash  is  treated  with  benzoyl  chloride,  and  forms  monosymmetric 

crystals,  melting  at  93° — 94°.     It  ia  split  up  into  benzoic  acid 

and  ethyl  anishydrosamate  on  heating  with  caustic  potash.' 

2189  Hydroxyln mtTie  Derivatives  containing  three  Add  Radicals 

s  formed  by  the  action  of  anisyl  or  benzoyl  chloride  on  the 

ver  salts  of  the  dihydroxamic  acids.     They  are  insoluble  in 

iter  and   sodium   carbonate  solution,  and  only  very  slightly 

luble  in  cold  alcohol.     On  heating  with  hydrochloric  acid,  the 

dical  which  was  last  introduced  is  split  o£^ 


^NO.CO.CjHs 

DlBENZANISHTDROXYLAlIINE,  Q^-C^f 

^O.CO.CgHj.OCHs 

Meltilig-poLDt, 
I     Long,  monosymmetric  needles  or  prisms      .      110° — llO'o" 

)     Small  crystals 109°— 110° 

NO  CO.C^H.OCH, 

lENZASISBENZHYDROXTLAMISE,    O^H^^.Q'/^ 

^O.CO.CoHj. 


Melting- I-oint. 

,)     Short,  asymmetric  prisms 113° — 114° 

Long,  rhombic  prisms 1'24°— ^2.^° 

J     Monosymmetric  tablets ;  decompose  on  fusion  — 

N0.C0,C„H5 
Anisdibenzbtdroxtlamine,  CH,O.CnH,C\ 

^OCO.CbH, 

MnUiug-paint. 

f)     LiiBtrous  monoclinic  tablets 137° — 137*ri° 

Very  small  crystals,  usually  opaque      ,    .    .    109'5° — llO^o" 

Picpcr,  Ah*,  Chnn.  Pbarm.  ccivii.  ],  '  Lossta,  ibi't.  c\i.iT.Tv,  \, 


342  AROMATIC  COMPOUNDS. 


Anisbenzanishydroxtlamine, 

.NO.CO.CeH, 

\OCO.C,H,.OCHj 

Melting-pcfiot 

a)     Very  small,  moDosymmetric  tablets  ....      152° — 153' 
/8)     Moiiosymmetric  tablets 148'' — 149' 


DiANISBENZHYDROXYLAMIN  E, 


OMgO.Ggtl^.C/'w 


^NO.CO.C,H,.OCH, 


OCO.CgHg 


Melting-point 

Large,  monosymmetric  crystals  with  many  faces    .    147  5° 


Benzdianishydroxylamine,  CgHfi.C^ 

O.CO.CeH,.OCH5 


Melting-point. 

a)     Short,  asymmetric  columns ISTo** — 13vSo' 

/3)     Asymmetric  tablets 137o^— 13b' 

Lessen  remarks  concerning  these  compounds :  "  Tlie  twelve 
substances  described  above  aflford  an  additional  proof  of  the  well- 
established  fact  that  there  are  two  kinds  of  isomerism,  which 
must  be  carefully  distinguished  from  one  another.  Seven 
isomeric  substances  were  obtained  as  the  products  of  three 
different  methods  of  preparation,  three  being  yielded  by  one 
method  and  two  by  each  of  the  others ;  three  further  methods 
of  preparation,  diflferent  from  the  preceding,  gave  five  isomeric 
bodies,  two  being  formed  by  each  method.  Isomerides  are, 
therefore,  formed  both  by  different  methods  and  by  one  and  the 
same  method,  but  the  difference  between  two  compounds  which 
are  prepared  by  independent  methods  is  not  the  same  as  that 
existing  Iwtween  the  isomeric  products  of  a  single  method."  ^ 

The  latter,  in  fact,  always  give  the  same  decomposition 
products  on  treatment  with  hydrochloric  acid  or  caustic  potash. 

^  Loc,  cit.  and  Bar,  DetUsch,  Chcm,  Gcs,  xviii.  1180. 
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Thus  benzoic  acid  and  dianishydroxamic  acid  are  obtained  by 
ihe  action  of  caustic  potash  upon  the  anisbenzanishydroxylamines, 
the  same  products,  together  with  anisic  acid  and  anisbenzhydrox- 
amic  acid,  being  also  formed  from  dianisbenzhydroxylamine, 
while  the  benzdianishydroxylamines  are  resolved  into  anisic  acid 
and  benzanishydroxamic  acid. 

The  dibenzanishydroxylamines  imder  the  same  circumstances 
yield  benzanishydroxamic  acid,  and  not,  as  might  have  been 
expected,  a  compound  metameric  with  this : 

^NO.CO.CeHg 
CeHgCf  +2K0H  = 

\O.CO.C7H7O 

NOK 
C«H,.Cf  +  KO.CO.C«H, + H,0. 

O.CO.C7H7O 


Lessen  assumes  that  the  decomposition  first  proceeds  in  this 
way,  and  that  the  compound  formed  changes  into : 


//NO.CO.aH-O 


OK. 


'6"6-^\ 


"  A  similar  exchange  between  a  metal  and  an  acid  radical  has 
often  been  observed." 


DIHYDROXYBENZYL  AND  DIHYDROXY- 
BENZOYL  COMPOUNDS. 

2190  Protocatechuicaldehyde,  or  a-Orthodihydroxyhcnzaldehyde, 
CeH3(OH)2CHO.(COH  :  OH  :  0H  =  1 :  3  :  4),  was  first  prepared 
from  piperonal  (p.  347)  and  from  vanillin  or  its  methyl  ether. 
Tiemann  and  Reimer  found  that  it  is  also  formed  by  the  action 
of  chloroform  on  an  alkaline  solution  of  catechol.^  In  order  to 
prepare  it>  a  solution  of  10  parts  of  the  latter  in  600  parts  of  16 
per  cent,  caustic  soda  solution  is  heated  for  5 — 6  hours  with  1 00 
parts  of  chloroform  in  an  apparatus  connected  with  an  inverted 
condenser,  acidified  with  hydrochloric  acid,  allowed  to  cool, 
filtered  from  a  black  resinous  substance  and  shaken  out  with 

*  Ber.  DmitscK  Chcm.  Oca,  ix.  12.C0. 
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incense.^      This   substance   will    be    further     described    alon  «r«'<3iicr 
with  eugenol. 

Properties. — Vanillin  forms  white  needles,  generally  occurrin  mtm:  iintr 
in  stellate  aggregates,  which  possess  a  very  strong  taste  and  sme  -^  -nell 
of  vanilla.     It  melts  at  80° — 81^  sublimes  readily,  boils  at  28i^  ^^  85 
without  decomposition  when  heated  in  an  atmosphere  of  carbo<:i^<Jx)n 
dioxide,  and  dissolves  in  90 — 100  parts  of  water  at  14^  and  in  2^S       ^{) 
parts  at  75° — 80°.     It  is  scarcely  soluble  in  cold,  more  readily  iF      -»  m 
hot  petroleum  spirit.     Its  aqueous  solution  is  coloured  bluis^si  jish 
violet  by  ferric  chloride  ;  if  this  solution  be  heated,  white  needle  K  Jlles 
of    dihydrovanillin   separate   out.     This  body,    which   will  b§"       be 
described  among  the  compounds  containing  two  aromatic  nucl^  -t  lei, 
has  the  following  constitution  :  ^ 

CeH2(OH)(OCH3)CHO 
CoH.,(OH)(OCH3)CHO* 

Vanillin  is  reduced  in  dilute  alcoholic  solution  by  so<Hu 
amalgam  to  vanillyl  alcohol,  CgH3(OH)(OCH3)CH2.0H,  whi 
crystallizes  in  prisms,  melting  at  115°.^ 

Vanillin  has  an  acid  reaction   and  forms  salts,  which  ha 
been  investigated  by  Carles,  and  by  Tiemann  and  Haarmanr 
the  former  has  also  prepared  bromine  and  iodine  substituti 
compounds. 

2191  IsovaniUin,  Q^Yi^{G011){0Yi){0Q}l^  (1 :  3 :  4).  ' 
formed  by  heating  opianic  acid,  C^jH2(COH)(OCH3)2C02H, 
160° — 170°  with  dilute  hydrochloric  acid  ;  it  crystallizes  from  h 
water  in  monosymmctric  prisms,  which  possess  a  vitreous  lust 
and  its  solution  is  not  coloured  by  ferric  chloride ;  it  sublim 
when  heated,  undergoing  slight  decomposition ;  *  its  vapour  I 
a  pleasant  smell,  resembling  that  of  vanilla  and  anise. 

Mcthyhanillin,  or  Dimdhyljirotccatechuicahkhyde,  0^1X5(00115 
OHO,  is  formed  by  heating  potassium  vanillin  with  meth 
iodide  and  wood-sinrit.'*  Beckett  and  Wright  prepared  it  b 
distilling  opianic  acid  with  soda  lime.^  It  is  slightly  soluble  i 
hot  water,  readily  in  alcohol,  and  crystallizes  in  needles,  whia 
smell  like  vanilla ;  it  melts  at  42°— 43°  and  boils  at  280^—285°- 

^  IVll«^ti«T,  Ann.  Chnn.  Pharm.  vi.  31  ;  Sobrero,  ibid,  liv.  67. 
-  Tii'iiiann,  Jirr.  Ikutach.  Chan.  Got.  xviii.  3493. 
'  Ihid.  viii.  112')  ;  ix.  415  ;  xviii.  ir)97. 

*  W«';rsohci(l«T,  MoiKitsrh.  Chcm.  iii.  789. 
^  Tiemann,  Jirr.  Jkufsch.  Chcm.  Oe.9,  viii.  1135 

*  Jouni.  Chcm.  Soc.  1876,  i.  287. 
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iillm.  C,H3(OCO-CHs)(OCH3)CHO,  is  obtained  by 

Ion  of  sodium  vanillin  on  an  ethereal  solution  of  acetic 

ide.     It  crystallizes  in  large,  flat  needles,  melting  at  77°.' 

^anUlin,  or   Vanillin  glucosUie.  C^H^{OC)l;i{QC^^^O^) 

2H,0,  is  formed  by  the  oxidation  of  eoniferin  with  a 

solution  of  chromic  acid.     It  is  tolerably  soluble  in  water, 

iadily  in  alcohol,  and  crystallizes  from  dilute  alcohal  in 

needles  which  lose  their  water  at  100°  and  melt  at  192°.  It 

lily  decomposed  by  emubiu  into  grape  sugar  and  vanilhn, 

is  converted  by  sodium  amalgam  and  water  into  'jhtcovanillyl 

]M.    C„H3(0CH,)(0CJI„0jjCHj.0H  +  If,0,    which     ciy^- 

in  white  needles,  melting  at  120°.     When  its  aqueous 

ition  is  treated  with  a  little  emulsin  and  allowed  to  stand  f<^ 

or  five  days  at  30° — tO°,  vauillyl  alcohol  is  formed,  and  can 

lost  easily  be  obtained  pure  by  this  method* 

Piperonal,    or    Mctkylni/yTotocateehmealdehytU,    CJA^f^OfM^ 

HO,  was  prepared  hy  Fittig  and  Mielk  by  the  oxidation  of 

if>eric    acid,   C„H,(0,CHj)C,H,-CO,H,    with    potassium    per- 

iinganate.'     It  is  slightly  soluble  in  cold,  more  readily  in  hot 

water  and  forms  long,  thin,  lustrous  plates,  which  have  a  very 

pleasant  smell,  resembUng  that  of  the  heliotrope ;  *  it  is  on  this 

Account  employed  in  perfumery.* 

Piperonal  melts  at  37°,  boils  at  263°  and  forms  a  vapour  which 
a  specific  gravity  of  518.*  A  very  characteristic  reaction  of 
substance  is  that  it  decomposes  into  protocatechuicaldehyde 
finely  divided  carbon  when  it  is  heat«d  to  200°  with  dilute 
(droehloric  acid :  ^ 

/CHO  /CHO 

C^Ha^OXp,       -  r-  TT  <Lnxi  ,  , 


Oxidizing  agents  convert  it  into  piperonylic  acid,  wliile  sodium 
oalgam  reduces   it  in  boiling  ai^ueous  solution   to  piperonyi 

f  TiemuiD  and  Nagai,  Str.  Jkutteh.  Clum.  Get.  li.  "147. 

\  llomanD,  ibid.  iviiL  159S.  '  A«a.  Chan.  Fharm.  olii.  35. 

Thw  mnu  »mell  is  posMSHd  by  "  vnnillon."  a.  kiiid  oS  vinillB,  which  forma 
.  ik,  Beabj  capsuln,  aod  is  obtained  from  the  WcM  Indies,     It  ll  ddIv  smployitil 

rTTumorjforthepreiiantJonDresKnre  of  heliotroiw  ;  it. — •-= -■.?..'  . 
nnillin  >nd  an  oil  whicli  is  j-roUbly  beniiililthydi 


be  added  lo  a  Milutic 

by  their  snivll  for  bo 

yaina  ihe  >uis!l  of  heliotrope  (Tii 
ix.  1287.)  -  t 

■  Knwht.  Sfr.  D^,U»eh.  Chrm   Oes.  x.  1274. 

"  Fittig  and  Rbbuou,  Ann.  Chcm.  Pharm.  cliviii.  87. 


of  pure   VBEillin.   both  mbWanrca  c...   .,_ 
but  iiftpr  jitnnrling  for  months,  tho 

'  'Uaramnn.  BcT.DtnbcK.    . 

■/lein.  Z/riC  1 


atcohd.  C8Hg(0jCHj)CHj.0H.  which  is  slightly  soluble  in  cold. 
more  readily  in  hot  water,  and  forms  long,  colourless  crystals^ 
melting  at  51°.' 

Bic/Uoropipertmal,  CoH3(05CCyCOH.  When  one  molecul»= 
of  piperonal  is  heated  with  three  molecules  of  phospborusH 
pentachloride,  the  compound  CbH,(0.CC1j)CHC1j  is  formed— 
It  is  an  oily  liquid,  which  is  decomposed  by  water  into  hydro — 
chloric  acid  and  dichloropiperonal ;  the  latter  crystallizes  frora^ 
toluene  in  needles,  which  melt  at  90°  and  undergo  the  following^; 
decomposition  when  heated  with  water : 

/CHO  /CHO 

C-H.^OXpp,  +  2HjO  =  C,H.^OH  +  CO,  +  2HCL 

Protocatecliuicaldehyde  was  first  prepared  according  to  tlna 
method  by  Fittig  and  Bemsen, 

2192  0  Mrthylor()iodi!iydro3:yfienia!dchyiif,  or  ^-Mdamethoiry- 
ialicylaldehyde.  C„H,(0H)(OCHs)CHO  (CHO :  OH;  OCU^ 
I:  2:  3),  is  formed  together  with  vanillin  by  heating  guaiacol 
with  caustic  soda  and  chloroform.  On  distillation  with  sleam  it 
passes  over  first  as  a  liquid,  which  smells  lite  saHcylaldehyde, 
boils  at  264° — 265°  in  a  current  of  carbon  dioxide,  stains  the 
skin  yellow  and  forms  a  deep  yellow  solution  in  alkalis.  Ferric 
chloride  added  to  an  alcoholic  solution  produces  a  green  coloura- 
tion containing  a  shade  of  violet.* 

MetadikydToxiibrnzaldthydc,  or  ^-Hciorcylaldekyde,  C,Hg(OH)j 
CHO  (CHO  :  HO  :  HO  =  1 :  2  :  4),  is  obtained,  along  with 
resorcyldialdehyde,  C(|Hj(OH)j(CHO)g,  by  heating  resorcinol 
with  caustic  soda  and  chloroform.*  It  crystalliKea  from  water  in 
yellowish  needles,  which  melt  at  134° — 135°;  its  solution -is 
coloured  reddish  brown  by  ferric  chloride.  It  is  an  unstahle 
substance  and  gradually  decomposes  in  moist  air  into  a  red 
powder, 

OrthomelharypaTohydrKcyheTtzaldehyde.  CoHs(OH)(OCHj)CHO 
(CHO:  OCHg:  0H  =  1  :  2:  4),  is  forme.1,  together  with  the 
following  compound  and  two  resorcyldialdehydes,  by  he-ating 
methylresorcinol  with  caustic  soda  and  chloroform.*  It  is  readily 
soluble  in  alcohol,  slightly  in  water  and  benzene,  and  crystalUzes 

'  Tittig  and  Emnson,  Ajiji.  Chimi.  Pharm.   dix.  1S8. 

»  Tifliunun  nnd  Koppe,  Bcr.  DeniKh.  Cham.  Oa.  xiv.  2030. 

»  Tieiiiami  and  Lewy,  Hid.  x.  231-2. 

^H  •  Tbmiuinaud  Tairiaius,  ibid.  xiii.  2365. 
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from  the  latter  in  lustTX)us  plates  melting  at  153^  Its  aqueous 
solution  is  coloured  a  faint  violet  by  ferric  chloride.  The  acetyl- 
derivative,  CeH3(OC2H30)(OCH8)CHO,  is  formed  by  adding  the 
ix>tassium  compound  to  an  ethereal  solution  of  acetic  anhydride ; 
it  crystallizes  in  needles,  melting  at  86^ 

Paramethoxi/salicylaldehyde,  (COH :  OH :  OCH3  iz:  1 :  2 :  4), 
xnay  also  be  obtained  by  heating  7-resorcyldialdehyde  with  caustic 
]K)tash  and  methyl  iodide.  It  is  almost  insoluble  in  water  and 
crystallizes  in  plates,  which  have  a  characteristic,  pleasant, 
aromatic  odour,  melt  at  62** — GS"*  and  are  very  readily  volatile. 
Jt  forms  an  intensely  yellow  solution  in  alkalis ;  ferric  chloride 
produces  a  deep  reddish  yellow  colouration  in  an  alcoholic 
soJution. 

Melting-point. 

Dimethyl-^-resorcylaldehyde,  needles 68** — C9^ 

Diethyl-y8-resorcylaldehyde,  lustrous  plates  .    .    .  Tl**-^— 72**. 

Paradihydroxyhenzaldehyde,  or  GcntisinaldchydCj  (CHO  :  OH  : 

^^Kz=l :  2 :  6),  has  been  prepared  from  quinol  by  the  action  of 

^^^Xloroform  and  caustic  soda.     It  is  readily  soluble  in  water  and 

^-Xcohol,  and  crystallizes  in  flat,  lustrous  yellow  needles,  melting 

99** ;  its  aqueous  solution  is  coloured  a  transient  bluish  green 

'^  ferric  chloride  and  intensely  yellow  by  alkalis.^ 

Methylparadihydroxyhenzaldehyde,   or    Metamethoxysalicylalde- 
3^de,  (CHO  :  OH  :  OCHj^l  :  3  :  6),  has  been  obtained  from 
ethylquinol.*     It  is  a  yellow  oil  which  has  an  aromatic  odour, 
^^olidifies  in  a  freezing  mixture  to  a  radiating  mass  and  then  melts 
t  4** ;  it  boils  at  247** — 248**  in  a  current  of  carbon  dioxide.     It 
rtains  the   skin  yellow,  forms  an   intensely  yellow  solution  in 
^^Ikalis  and  in  alcoholic  solution  is  coloured  a  permanent  bluish 
^^een   by  ferric   chloride.     Its   acetyl-compound  crystallizes  in 
^toeedles,  melting  at  63°. 

Melting- 
point. 

Dimethylparadihydroxybenzaldehyde,  fine  needles   .     .51** 
Ethylparadihydroxybenzaldehyde,  thick,  yellow  prisms .  51*5** 
Diethylparadihydroxybenzaldehyde,  small  needles  *  .     .  60** 

*  Tiemann  and  Miiller,  Ber.  DeiUsch,  Chcm.  Ges,  xiv.  1986. 
«  Ibid.  1990. 

*  Uantzsch,  Joum.  Prakt.  Chem.  [2]  xxii.  464. 
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sulphonic  acid/  bronuuiisic  acid,  iodoparAhydroxybenzoic  acid, 
Bulphoparahydroxy benzoic  acid  and  salphometahydroxybeDzoic 
acid,'  is  of  theoretical  interest. 

It  is  best  prepared  from  flast  Indian  kino,  which  ia  obtained 
by  making  incisions  in  the  bark  of  Ptcrocarpns  Marsupiuvi  ;  the 
sap  Sows  out  and  dries  to  a  dark  red,  transparent  mass,  which  is 
employed  in  medicine  as  an  adhesive,  and  for  many  purposes  as 
a  substitute  for  catechu.  One  part  of  the  finely-powered  kino  is 
then  gradually  brought  into  a  well-stirred  melt  of  three  parts  of 
caustic  soda  kept  at  a  low  temperature.  When  the  mass  lias 
become  coloured  a  light  orange  brown,  it  ia  dissolved  in  20  parU 
of  water,  and  the  solution  acidified  with  sulphuric  acid,  and 
allowed  to  stand  for  twenty- four  hours.  The  filtrate  is  extracted 
with  ether,  the  latter  evaporated  and  the  residue  repeatedly 
crystallized  from  water.*  The  aqueous  solution  of  the  acid  may 
also  be  precipitated  with  lead  acetate,  the  precipitate  washed 
and  finally  decomposeii  by  sulphuretted  hydrogen  (Barth  and 
HUsiwetz). 

According  to  Eijkman,  protocateuliuic  acid  occurs  in  the  fruit 
of  Illicium  rttiffiosum.' 

It  crystallizes  in  nionoclinic  needles,  containing  one  molecule  of 
water  which  is  lost  at  100°,  and  melts  at  19+°;*  it  dissolves  in 
53 — 55  parts  of  water  at  14° and  in  3  5—37  ports  at  75*^ — 80°," 
is  very  soluble  in  alcohol,  less  so  in  ether,  and  almost  insoluble 
in  boiliug  benzene.  Its  aqueous  solution  is  coloured  an  intense 
bluish  green  by  ferric  chloride,  the  colour  being  changed  to  dark 
red  by  the  addition  of  sodium  carbonate.  The  solutions  of  its 
salts  are  coloured  violet  by  ferrous  sulphate.  It  reduces  an 
ammoniacal  silver  solution,  but  not  Fehling's  solution ;  on  dry 
<iistillation,  or  when  heated  to  330° — 3o0°  with  caustic  soda,  it 
decomposes  into  carbon  dioxide  and  catechol.  When  nitrogen 
trioxide  is  passed  into  its  ethereal  Rolution, oxalic  and  dihydroxy- 
tartaric  acids  are  formed  (Part  III.  p.  58),  together  with  smaller 
rjuantities  of  dinitrophenol,  picric  acid,  dinitrodihydroxyquinone 
and  nitroparahydroxy benzoic  acid,' 

Protocatechuic  acid  is  pro<lucod  along  with  benzoic  acid  when 
benzoin  b  fused  with  caustic  potash;  a  compound  of  the 

'  Barth,  j*n».  Cheiii.  Pharm.  cliv.  884. 

"  Ibi'l.  i^lix.  282. 

'  StonhousB,  ibid,  cluvii,  ISB. 

•  Btr.  DeuiKh.  Chan.  Gar,  nviii.  Ruf.  281. 
»  Bsrth&od  Solimidt,  ibid.  lii.  ISflB, 

•  Tienisnn  anil  Niipti,  iHd.  x.  211. 
'  GmWr,  ibid.  lii.  614. 


by  the  action  of  potassiam  prmutDgiiiuite  od  coniferiii,  and 
crystallizes  from  hot  wales'  in  fine  prisms,  which  kee  their 
water  of  crystaUizaUon  at  100°,  and  melt  at  210° — SI?". 
It  is  decomposed  by  emnlsin  or  by  bailing  with  dilute  acids 
into  grape  sugar  and  vanillic  acid.' 

Atxtylraniliic  arid.  C„I^(OCHj)(0C0.CH^C0,H,  is  formed 
by  heating  vanillic  acid  with  acetic  anhydride.^  and  from 
etigenot  acetate,  CoH,(OCH^COC,H,0)C,Hs,  aceiylfeniUc  acid,' 
CoHj(OCHj)(OC4H,0)C^COjH.  acetylcreosol.'  CbH^COCHJ 
(OCjHjO)CH,  and  acetylhomovanillic  acid  *  by  oxidatioD  with 
potassium  permanganate.  It  crystallizes  from  dilute  alcohol  in 
fine  needles,  which  melt  at  142°,  and  are  decomposed  on  boiling 
with  caustic  potash  into  acetic  and  vanillic  acids. 

B^uyhanillic  acid,  CaH,{OCHj)(OCO.C^JCO.H,  is  pre- 
pared by  the  oxidation  of  benzoyleugenol,  and  crystallizes  from 
dilute  alcohol  in  small  plates  which  have  a  peculiar  suriacc 
lustre,  and  melt  at  178'* 

JsovaniUic  acid,  C,H,(OH)COCHg)COjH.  (CO,H  :  OH :  OCHj 
^1  ;  3  T  4).  Tiemann  found  that  when  dimethylprotocatechuic 
acid  is  heated  with  dilute  hydrochloric  acid,  vauillic  acid  and 
an  isomeric  methylprotocatechuic  acid  are  formed,'  the  latter 
being,  as  was  proved  by  Beckett  and  Wright,*  identical  with 
an  acid  wliich  Matthiessea  and  Foster  had  previously  ob- 
tained by  heating  bemipiaic  acid,  CBHjCOCHgjjCCO.H)^.  with 
hydrochloric  acid,*  According  to  Alatsmoto,  who  proposed  the 
name  isovanillic  acid,  it  is  most  readily  prepared  by  heating 
2  parts  of  dimetbylpi-otocatechuic  acid  to  160° — 170°  with  a 
mixture  of  25  ports  of  hydrochloric  acid  of  specific  gravity  12 
and  50  parts  of  water  for  four  to  five  hours.  The  product 
is  repeatedly  crystallized  from  water  in  order  to  remijve  vanillic 
and  protocatechuic  acids  which  are  formed  in  the  reaction,  and 
is  then  freed  from  any  unaltered  dim  ethyl  protocatechuic  acid  by 
conversion  into  the  acetyl  compound,  which  is  then  recrystallized 
and  saponified  by  dilute  caustic  potash."* 


'  Tieiniinii,  ibid,  i 

*  Tiemann  and  Uendelsohn,  (bid.  x. 
'  Tiemann  and  Nagii,  0>id.  x.  201. 
■  Krtaz  and  Ticauun,  ibid.  xv.  20^8 
'  Ibid.  viii.  513. 

*  Jmm.  Chan.  Soc.  1876,  i.  303. 

*  Pnx.  Roy.  Sue,  xii,  fi02. 
I"  Ber.  DeuMt.  Ckctn.  Get.  xi.  125. 
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IsfiVTUiiiliL'  u.*id  'Tysailizes  in  lustrous,  transparent  piismst 
meitinii  kc  t5\^\  Toick  «iiaH>Ive  in  1.700  parts  of  water  at  14°, 
uiii  :n  l»i»»  narcs  js  I'HI^  It  is  readilv  aolukle  in  alcohol  and 
ether .  :t  ^v*^s  ao  v-'oluur  reacdim.  with,  terrie  chloride. 

Mrnni^nuiulk  it^u  C4Kjv(X:O.CH3;i;OCH3)COjH,  ciystal- 
LizM  titini  iiiuttt  jiL^^boI  in  ^KaLes^  melting  at  i(W — 207*. 

.1195  ^'  rrU7**i'  'Crui  «>r  D%tHtidiifij9n)ti)at6gchuic  acid,  C^H3(OCH3)2 
CO*H.  In  4ie  v«ar  L'WS).  EL  Xeick  «iiacovered  reratric  acid, 
i.'.»H,^iJ>^  Ji  4ie  *?eds  of  V,mUrum  Saf:adiila^  and  W.  Merck 
riien  >)0:«erTf?<i  rfaat  it  ileetimptfees  into  carbon  dioxide  and 
veracnii.  C^H,^«>.>.  •«!  heating  with,  eaostie  baryta.*  By  the 
oxittaaon  «>f  aierhyien«£!em)L  ikabe  and  Borgmann  obtained 
biniedioxvhen^nc  jiriiL*  which  was  :shown  by  Tiemann  *  and  by 
EHeomevtfr  .unL  W:ii»srtmmn  ^  to  be  identical  with  the  di- 
nierii7ipTt>coi*aceehaic  Jirid  which  KoUe  had  prepared  by 
heatinur  prt>r^K:aceehuiir  jcid  with  caustic  potash,  methyl  iodide 
ami  W'HHi-^pirit:  :**  Romer  then  showed  that  this  compound  is 
al*>  iiienrieaL  with  veratric  acid,  veratrol  being  dimethylcate- 
chuL*  Veracric  ticid  is  also  fonned  when  Teratrin  and  pseudo- 
aconiinne  ire  heaced  with  aIcohi)lic  potash.^  In  curler  to  pepare 
It.  1  pkTt  ot  mechjieagenol.  C^K,,  OCH^^^X^Hj,  is  shaken  up 
with  1'' — lo  pjirts  ot*  water,  and  a  solution  of  3'5  parts  of  potas- 
sium pemian^mane  in  ±t> — 30  parts  oi  water  heated  to  80 — 90' 
gr:uiii;vLiT  aiiileii  The  tiltrate  is  concentrated  by  evaporation 
and  prei-'ipirateii  with  hyilrochloric  acid.'*  Veratric  acid  dissolves 
in  5.10«>  pans  of  water  at  14\  and  in  160  ports  at  100°,  and 
crystiilliznrs  frr.in  a  concentrated  solution  at  a  temperature  above 
oO'  in  anhv«ln>ri3  neeiUes.  while  crvstals  containinsr  a  molecule  of 
water  are  obtaineti  from  very  dilute  solutions  at  anv  temperature 
below  thij.  It  melts  at  17V — 175'*  and  can  be  sublimed.  It 
di.^<w^>lve9  reviily  in  alcohol  and  ether;  ferric  chloride  produces 
no  colouration. 

Mdhyl  rrrafrate,  C^H3(OCH^\COj.CH3,  is  formed,  together 
with  mf;thyl  protocatechuate  and  methyl  isovanillate,  when 
prot/K^itficliuic  acid  is  heated  with  caustic  potash,  methyl  iodide 
fiwl  wi^n]  Hpirit,^^  no  methyl  vanillate  being  formed.^^ 

»  /Inn.  C/w.m.  Pharm,  xxix,  188.  «  IbicL  cviii.  60. 

*  ^^»>/.  civiil.  282.  -•  B^.  DnilscK  Ch^m.  Gcs.  viu.  514. 

»  /Inn.  (Jhrm.  Pharm.  clxxix.  366.  •  Ibid.  clix.  240. 

f  Jirr.  iJrutMrh.  fJhrm.  Gch.  ix.  582. 

0  ^"«^*^  *"♦!  '^"'^t  i/z/um.  Chem.  Soe,  1878,  i.  160  and  352, 
»  TiwinAnn  and  MaUmoto,  Ber,  Deutaeh.  Chem,  Oes.  ix.  937. 
'•  MaUnjoto,  ihid.  xi.  122. 
^'  Tiomarin,  ISer,  DeuUcK  Chemx  Gt%.  till.  513, 


The  ether  is  obtained  pure  when  a  solution  of  the  aciil  in 

anhydrous  methyl  alcohol  is  saturated  with  hydrochloric  acid, 

or  when  vanillic  acid  is  heated  with  caustic  potash  and  methyl 

iodide.      It  crystaUizes  in  odourless  needles,  melts  at  59° — ^00° 

I  ftsd  boils  at  about  300°  (Matsmoto). 


ii' 


Ethyl  veratrate,* 

CbH,(OCHj),OO^CjHs 43= 

Ethyl  vanillic  acid,* 
CaH,(0CsH,)(0CH3)C0jH   .    .    .  103°— 19 
I  Diethyl  protoca tech  uic  acid,* 

CgH,(OC,Hs)aCO.H 140° 


-290° 


Piperonic  add,  CoH5(04CHj)C02H,  was  prepared  by  Fittig 
and  Mielk  by  the  oxidation  of  piperic  acid  or  piperonal  with 
potassium  permanganate,*  while  Fittig  and  Remsen  oblaine\i  it 
by  heating  protocatechuic  acid  witli  caustic  potash  and  methy- 
lene iodide  :* 


/OK 
C,H.^OK        +CHX 
\CO,K 


\CO,K 


It  occurs  in  small  quantity  in  Paracoto  brvrk,  which  is  collected 
on  the  river  Mapiri  in  Bolivia,  and  has  been  detected  in  true 
Goto  bark,  which  is  also  found  in  Bolivia." 

Piperonic  acid  is  scarcely  soluble  in  cold  water,  elightly  in 
boiling  water,  from  which  it  separates  in  small  needles,  or,  on 
very  gradual  cooling,  in  characteristic  crystals,  which  resemble 
in  appearance  small  twisted  threads  of  sewing  cotton.  It  is  also 
slightly  soluble  in  ether  and  cold  alcohol,  separating  from  a 
hot  alcoholic  solution  in  larger  crystals.  It  is  obtained  in  tho 
purest  state  by  sublimation,  which  yields  hirge,  compact,  glitter- 
ing prisms  with  acute  terminal  planes ;  it  melts  at  2275° — 
228*5°,  but  subhmea  at  a  lower  temperature. 

When  it  is  heated  with  phosphorus  pentacliloride,  a  liquid 

chloride  is  firmed  which  yields  a  chlorinated  acid  on  docom- 

position  with  cold  water ;  this  substance  is  probably  a  dichloro- 

I  piperonic   acid   and   is   resolved   on   heating   \^ith   water   into 

'  TieiMBn  and  Matsmoto,  Bfr.  DeiiUck.  Chrm.  Get.  ix.  B42. 

*  TEsni«na,  ibid,  viii.  1130;  Wassermnnti,  ^na.  Chtm.  Fharm.  cXxxix.  379. 
»  Kiitlo,  ibid.  ilix.  245.  *  KoUe,  ibid.  olii.  40. 

•  Ibid,  cliviii.  B3,  »  HessB  ami  lo'bsl,  ihW.  txnx.  ea. 
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It  is  ground  up  with  dilute  hydrochloric  acid  press^,  und 
♦epeatedly  crystallized  from  hot  water.  In  onler  to  remove  any 
ailhering  colouring  matter,  it  is  dissolved  in  water  and  treated 
with  lead  acetate.  A  current  of  sulphuretted  hydrogen  ia  then 
passed  through  the  hot  hqnid,  which  is  subseiiuently  filtered  and 
allowed  to  cool ;  the  pure  maclurin  is  thus  obtained  as  a  light 
yellow,  crystalline  powder.  It  becomes  anhydrous  at  130°,  and 
melt«  at  200°.  On  boiling  with  water  and  barium  carbonate 
one  molecule  of  carbon  dioxide  is  evolved  for  every  two 
molecules  of  maclurin  present  (Benedikt),  while  the  salt 
C,gHgPbO(  +  HjO  is  deposited  in  yellow  plates  when  lead 
acetate  is  added  to  the  boiling  solution  (Hlosiwetz  and 
Pfaundler). 

When  maclurin  is  boiled  with  concentrated  caustic  potash  solu- 
tion or  heated  to  120°  with  dilute  sulphuric  acid,  it  decomposes 
smoothly  into  protocatcchuic  acid  and  phloroglucinol. 

Benedikt  therefore  proposes  the  following  formulae  for  maclurin 
and  its  lead  salt:' 


I 


C.H, 


OH 
OH 


C.H,-OH 

\CO.OH 


,0H 
C,H,1-0H 

C,H,-0— Pb  . 


CO.O 


i/ 


Zuteolm,  C^H,,Ojj,  was  discovered  by  Chevreul  in  weld 
{Reseda  lutea)^  and  analyzed  by  Moldenhauer,*  who  obtiuned 
numbers  which  led  to  the  formula  given  above,  while  Paraf 
and  Scliiitzenberger  calculated  the  composition  2CijHgOj*3HjO 
from  the  results  of  their  investigation  and  somewhat  unsatis- 
factory analyses*  It  is  obtained  by  extracting  the  dried  plant 
witli  water  containing  5^6  per  cent  of  alcohol,  concentrating 
the  filtrate  by  evaporation  and  purifying  the  crude  luteolin  thus 
obtained  by  recrystaUization  from  alcohol  or  a  mixture  of  water 
and  glycerol. 

It  crystallizes  in  small,  yellow  needles,  which  dissolve  in 
H,000  parts  of  cold  water,  in  5,000  parts  at  100°  and  in  37 
parts  of  alcohol.  It  readily  forms  a  deep  yellow  solution  in 
alkalis,  and  dis3<jlves  in  cold  sulphuric  acid  forming  a  reddish 
yellow  solution  from  which  it  is  precipitated  by  water.     A  small 


quantity  of  ferric  chloride  produces  a  green  colouration, 
passes  into  brownish  red  on  the  addition  of  more  of  the  reagent. 
Its  hot  aqueous  solution  dyes  wool,  mordanted  with  alum,  a 
beautiful  daffodil -yeUow  (Chevreid).     On  fusion  with  potash  it 
is  decomposed  with  evolution  of  hydrogen  into  pliloroglucin^H 
and  protocatechuic  acid  :  ^  ^M 

C^^ifis  +  3H»0  =  2C;HuOj  +  CflHuO,  +  H^  ' 

Rochloder  states,  however,  that  the  amount  of  phloroglucino! 
formed  is  much  greater  than  corresponds  to  this  equation.  The 
formula  of  luteolin  is  by  no  means  accurately  determined  and 
its  constitution  is  quite  unknowu. 


SYMMETRIC    METADIHYDROXYBENZOIC    ACID 
OR  a-RESORCYLIC  ACID  (1:3:  5). 

2197  This  substance  is  obtained  by  fusing  (9-disulphoben zoic 
acid,^  metabromosulphobenzuic  acid  and  parabromosulpliobenzuic 
acid  ^  with  caustic  potash.  It  crystallizes  with  one  and  a  half 
molecules  of  water  in  needles  or  prisms,  which  melt  at  232° — 
233",  are  tolerably  soluble  in  cold,  readily  in  hot  water, 
alcohol  and  etlier,  and  give  no  colouration  with  ferric  chloride. 
On  fusion  with  caustic  soda  it  decomposes  above  300*  into 
resorcinol  and  carbon  dioxide.^  A  very  characteristic  reaction 
is  that  when  heated  with  4  parts  of  sulphuric  acid  to  140°,  a 
deep  red  solution  is  formed  from  which  water  precipitates  green 
flocks  of  anthrachrysone,  CuH,(OH)^Og,  which  is  a  derivative  of 
authracene,  and  is  also  formed  by  the  dry  distillation  of  the 
acid.  Lead  acetate  does  not  produce  a  precipitate  when  added 
to  an  aqueous  solution  of  the  acid. 

m/iyl   a-resorcylaie,    GeH^{OR)fiO^.C^Jl^.    crystallizes 
water  in  long  prisms  which  melt  below  100°. 

JHmeikyl-a-resorq/lic  acid,  CBHa(OCH^aCOjH,  is  formed  when 
a-resorcylic  acid  is  heated  with  caustic  potash,  methyl  iodide  and 
wood-spirit,  and  when  dimethylorcinol  is  oxidized  with  potassiuoi 


at  tlie 
adde^ 

4 


'  Rochleilur,  Jinim.  FmkL  CJtem.  i.di.  45 
'  Bnrlh  and  Senliufer,  Ann.  Chtta.  Phanr. 
*  Ebttinger,  Ser.  Dtmltch.  Ch/im.  rim.  viii 
'  Barth  sad  Schrwier,  ibid,  xii,  1358. 


mnDganate.*     It  cryBtalUzea  from  hot  water  i 
-whicli  melt  at  173°— 176°. 

Dielhyl-a-resoreylic  aciil,  CjHjCOCjHkJjCO^H,  waa  prepared 
t>y  Barth  and  Senhofer  from  the  acid  hy  the  action  of  ethyl 
1  cxlide.*  It  forms  elongated  prisms,  wliich  melt  at  87° — 88°,  and 
kje  decomposed  by  distillatiou  with  Ume  into  carbon  dioxide  and 
«di  ethylresorcinol.* 

a-BrttmortsMcylic  and,  CgHjBr(OH)jC'OjH,  is  formed  by  the 
ction  of  bromine  wat«r  on  an  aqueous  solution  of  a-resorcylic 
cid,and  crystaUizesfrom  hot  water  in  long  needles,  which  melt  at 
53^,  and  give  a  yellowish  brown  colouration  with  ferric  chloridu. 
^t  gives  the  same  reaction  with  sulphuric  Eicid  as  a-resorcylic 
icid,  and  is  converted  intu  gallic  acid  by  fusion  with  caustic 
'^wtash  (Barth  and  Senhofer). 


ASYMMETRIC   METADIHYDROXYBENZOIC 
ACID  OR  y3-RESORCYLIC  ACID,  (1:2:4). 

3198  This  acid  is  formed  when  pnracrcsolsul phonic  acid,*  and 
«-disulphob{;nzoic  acid*  are  fused  with  caustic  potash,  and  may 
also  be  obtained,  together  with  a  large  amount  of  resorcinol, 
"When  its  aldehyde  is  fused  for  a  short  time  with  caustic  potash,' 
It  may  also  be  prepared,  together  with  7-re8orcylic  acid  and 
dihydroxyphthalic  acid.  CnK3(OH)jCC02H)^,  by  heating  1  part 
of  resorcinol  with  4  parts  of  ammonium  carbonate  and  5  parts 
of  water  to  120° — 130°,'  and  still  more  readily  by  heating 
resorcinol  in  an  open  flask  with  a  concentrated  solution  of 
potassium  bicarbonate.  It  13  very  slightly  soluble  in  cold  water, 
and  crystallizes  from  a  hot  solution  in  needles  containing  one 
and  a  half  molecules  of  water,  one  of  which  is  lost  on  exposure 
to  the  air  (Fahlberg),  It  melts  at  204°— 206°,  and  simultane- 
ously  decomjwsea  into    carbon   dioxide    and    resorcinol      Its 

'  Tiemaon  and  Stieng,  Bcr.  Dailsch.  Cheat.  Oca.  xiv.  2002. 
'  Ann.  Cheja,  Pkarm.  cliiv.  131. 

•  Bartli,  Ber.  Deiilteh.  Clum,  Qa.  t.\.  1589. 

*  Ascher.  Ann.  Chan.  Pharm.  cliiy.  11. 

,  *  Blomstrand,  Ber.  DaUaA.  Chem.  Oa.  v,  lOfiB ;  FntiliierE,  Amur.  Chtnu  Joum. 
U.  198. 

'  Ticmann  and  Beinicr,  Bsr.  DeuUelt.  Chttn.  6a.  xii.  BB7  ;  TiwDunu  luiil 
ParriaiiLi,  ibid.  siii.  2358. 

'  Bruiiner  and  Suriliofcr,  ibul.  liil.  2356  ;  Btr.  Ifkn.  Akad.  187D,  u.  SOJ. 


7sa  xsiLMxnc  comfoukds. 


Buni:iiiL  3»  rjiunz^  nick  T»i  h^  feme  chloride,  and  does  not 

*  .  r':unu'7i4i^~s-^vBr^v  ^nL  C^  Off  vOCH,)CO,H(0CH, : 
^  H  =  i  *  »  ?.C3K»£  TfbiSB.  Tilt  afcfri-denTative  of  its  aldehyde 
3f  .-Lj:::a:ti  imn.  v*nsuBcx3ii  perakftBgaiiate  and  the  product 
iiie.iiijiisei  2f  aasiuir  piscaOL  It  is  toieraUT  soluble  in  water, 
£i.»t:f  iin  iTT'saZbK  if>£lL  asii  ghvs  no  otdooration  with  fenic 

IiT-cjui^i  'ii:-S-^'vun:vLTit  wmL  *0H  :  OCH^^S :  4).  The  methyl 
d^iiihr  2^  TTfooj^i  35  -fcafTg  «i£9m  to  a  solution  of  /S-iesorcylic 
3ft:a£  :n.  -v^ioi-fcirr:  aad  ttea  ^M»™g  with  methyl  iodide,  the 
Mmi  i^ni:^  iiXk:3tsc.  ir-xsL  tftB  hr  boifii^  with  caustic  potash 
Tj^DZikia.  i2]£  PirasTK  :  h  »  afao  fivmed  when  sodium  methyl- 
rf^'mzt:!.  ::«^  ]iif-.&»ii  «>  ±13^  ht  a  ctnrait  of  carbon  dioxide :  ^ 


C^.  •>:^OXa^CO,=C,^:OCH,:(OH)CO^a. 

I^  .Tv^iV^  r.r<  rr.MEi  hsi  w^<ef  in  lustrous  needles,  which  melt 
a:  lol:'  :&:i<i  ir=ci?<zipi:i»  into  methylraBCHcinol  and  carbon 
divxi'irr  vi*rc.  r&»ilT  bcttsed.  Its  ^ueous  solution  is  coloured 
an  in'.csiiie  reiii«a  tS:^  br  fenic  dilonde. 

I*^,  ;'<r.i'j'^'3-'y^-^,yuic  ^s^-ii,  QH,  OCHj^jCOjH,  is  not  readily 
f  n-i-r^I  zj  iL-z  rinh-er  cieihyLition  of  the  preceding  compound, 
bi:  ni^iT  c*r  •:  c-:;\in,txi  by  the  oxidation  of  its  aldehyde  with 
p<  :ii5s:  .in  j:*rmL:iiigaaite :  ii  cryslallizes  from  hot  water  in  fine 
ii'e*:-«ile*.  ni-eltin^  at  lOS"  (Tiemann  and  Parrisius). 

I^\<:sii/''S'n{ift:r.yIic  acid^  C^H^'OCjHg^^^COjH, was  prepared  in 
a  similar  i:ia:ir.er  :  h  forms  needles  whkh  melt  at  99V 


ADJACENT    METADIHYDROXYBENZOIC   ACID 
OR  7-RESORCYLIC  ACID  (1:2: 6). 

2199  ^^  formation  of  this  acid  has  already  been  mentioned ; 
it  is  very  soluble  in  water,  and  crystallizes  in  fine,  fascicular 
neerlles,  which  contain  one  molecule  of  water  and  commence  to 
fuse  at  140^  a  partial  decomposition  into  resorcinol  and  carbon 
dioxide  occurring,  which  becomes  complete  at  a  higher  tempera- 

*  Tiemann  and  Pam'siiia,  Ber.  DctUsch.  Cheni,  Gts.  xiiL  2375. 
'  Korner  and  Hertoni,  ibid.  xiv.  847. 

*  Tiemann  and  Lewy,  ibid.  x.  2216. 


tiire.  Its  aqueous  solution  is  coloured  a  deep  bluish  violet  by 
ferric  chloride. 

ySnmioresoreyUc  acid,  C„HjBr{0H)3C0i(H  +  HjO,  is  formed 
by  the  action  of  bromine  on  an  ethereal  solution  of  the  acid.  It 
is  slightly  soluble  in  cold  water,  reailily  in  alcohol,  and  crystallizes 
in  fine  prisms,  which  lose  their  water  at  100°  and  melt  at 
184°  with  decomposition.  It  is  coloured  violet  by  ferric 
chloride. 

SitTmthyl-y-resoTtytie  tmd.  CgH3(0CHj^sC0jH,  When  meta- 
dinitrobenzene  ia  treated  with  methyl  alcohol  and  potassium 
cyanide,  mc(A£*Ey»ii(roi«ia>wi(7-t;,CgH,(NOj)(OCHg)CN,  is  formed; 
It  crystallizes  from  chloroform  in  pliant  needles,  which  melt  at 
171°,  and  are  converted  on  heating  with  methyl  alcohol  and 
caustic  potash  into  dimetlMeyhenaonilrU,  CoHj{OCHj)jCN,  which 
crystallizes  from  alcohol  in  needles  or  rectangular  tablets, 
melting  at  118°.  It  boils  at  about  310°,  and  when  heated  with 
baryta  water  yields  dimethyl -7-resorcy lie  acid,  which  forma 
crystals  melting  at  179°,  and  is  converted  into  7-resorcylic  acid 
by  heating  with  caustic  potash. 

If  metlioxynitrobenzonitril  is  heated  with  caustic  potash  and 
ethyl  alcohol,  etkoxy^inethoxyhemonitril,  CgH3(0CHa)(0CjHj) 
CN,  is  formed,  and  crystallizes  from  alcohol  in  prisms  or  tablets, 
melting  at  66°.  This  compound  is  also  formed  when  meta- 
di nitrobenzene  is  treated  with  ethyl  alcohol  and  potassium 
cyanide,  and  the  ctkoTynUrobemrndtril,  C^^{'!:iO^{OC^^G^, 
thus  formed,  which  melts  at  137°,  is  heated  with  methyl  alcohol 
and  caustic  potash.  A  new  and  simple  proof  is  thus  afforded 
of  the  identity  of  the  positions  1  and  6  in  the  benzene  nucleus.^ 


r 


HYDROXYSALICYLIC  ACID  OR  PARADIHY- 
DROXYBENZOIC  ACID  (1:2:  .5). 

220D  Tliis  isomeride  has  been  prepared  by  fusing  iwlosalJcylic 
acid  with  caustic  potash  ; '  it  is  more  readily  obtained,  however, 
by  fusing  bromosalicylic  acid   with   caustic   soda,*  and  is  also 

'  Lobry  de  Bniyn,  Ber.  DuUsch.  Chcm.  Get.  iTiii.  Ecf.  IJ8  ;  CTcm.  CaitralM. 
1881.  116)  1885,  367. 

'  Lautcmuin,  Ann.  Chem.  Fharm.  cxx.  Sit  1  Lieciitj,  ihid.  Snppl.  viL  1J4: 
Dfcnole,  Ber.  Devlteh.  Chem,  Qa.  rii.  H38;  Goldberg,  Jotirn.  Pratl,  C/unn.  [3] 
xix.  371. 

'  leppcrt  nnc!  IjBkowski,  Ber.  Dcvheh.  Chtni.  Gc«.  viii.  laS. 


"■  "l» 


■  ■         ^^  ■ 


Z^TZT'Or    MZll.    •?!.    gv-aiTi : iti iip/-irr1i/>  add.* 

-     -     :        - -"■-  ■—    "«"::-    - "^r^zT'H^fc'. : — L     a^::''     Ii  is  readily 

-1. .  '.■■■■■'-..  .-^.  -  ^  ^  .  -  ^  .  .^-.  Ty?ailli&*  fiom 

T    ¥  ..:-r    u.    ■.. —  Ljt=:    ^r-i ;  »i  Jit"?;   1  iieaisaiii;  Ir*^.v  ioc^ur  a&d 

j-.r    ;.'     1    .■    ■--■-    .- r-tTT.i.cLiLr-^   uiiT.if:-.   tt". :1  T».--i?s:ur-i  per- 

v.-  •-.:...,:-!  V.-..   _;  -  vi-.-.;  =1  j-q;  i>tfi_-r*.  i--t1t:vj  ii  14i'.  and 

'   /,     .     ,  ,  i.-   ../.=.    - -i  >•     :  •■    •l\rL  XH.  .CO.H,  is  f.-.rmed 
;     •  ■  .  -  -     •     -    I*  il  i'^T  i-i  ,  :*  •:r^*>".Alli-:r:*  frviu  hoi  water 


.;.    ,..<^    ^  :•:•:-:•     ^.t.-JL;^  i:    .  •> 


.:  :-:■>.":.  .L.*  .:  "iL-:  ''•.•i:-r:*;*i5*  £"S:r!.':*=-i  are  oomjiart.'d, 

i  •    ,'    f , . :. :    •. : -i'    :.  r  .•■.•.-<*•. r:': L  :  1- :    i*. :  i .    i*a    ai-  i cL  v  Je .  and  also 

r:it-:'.r. ,.     •*:..:*   •-.'-•--i-   '^-^   Lj-iM-rili   ia   ihe  cnho-piisitiou, 

m'.i:  ;x   ^'f':'  r-    r.ol./ir^'ivEL   TfcV.ii    tVrhc    ^•Ll...n.le.     Those  com- 

,,.,.iT,'i-.  M»  rh-  olh*:r  h^r*d,  in  which  a  hydroxy  1  is  situatod  in 

1 1,.,  ofth',  ii'^-.itjori   with  rei^ani  to  a  carbi^xyl,  and  which  can 

l|,i.pfoT.-.  l^:  ron/nlwl  as  derivatives  of  Balicylic  acid,  give  a 

|,|„i.  u»  iUirii  Ti'A  r:ol«>uration,  while  those  in  which  the  hydroxyls 

,.,,  in    !.Im:    iiHrtJi  iH^sition,  give   as  little  colouration  as  meta- 

|iyilioxylf<'ii/oi<-  it^:i<l' 

»  H.iiliol.r  ana  Knrlny,  Monntah.  Chem.  11.  148. 

.  ,„„,  .,.„.,  /w«..  -uxv.  m  ^^^^^^  ^^^  ^.^.  ^^^ 

.  lUut   XIV.  IIIU7.  ^  ^^"^  1**'*^ 


AccordtDg  to  theory,  six  dihydroxy benzoic  aeids  can  exist. 
In  addition  to  the  five  just  mentioned,  two  others  have  been 
ehortly  described.  One  of  these  was  obtained  by  Leeds  by 
allowing  toluene  saturate<l  with  nitrogen  peroxide  to  stand  in  a 
loosely  covered  vessel  for  a  whole  summer.  It  crystallizes  from 
alcohol  in  small  plates,  which  sublime  at  17U°  without  fusing 
and  give  no  colouration  with  ferric  chloride.' 

Af^cioxalic  acid,  C,HgO,,  is  the  name  given  by  Rochleder  to  a 
compound  which  he  obtained,  together  with  fonnic  acdd,  oxahc 
acid  and  frequently  protocatecbuic  acid,  by  boiling  aesculetin, 
CgHjO^,  with  concentrated  caustic  potash  or  baryta  water.  It 
forms  an  extremely  fine  crystalline  mass  and  gives  a  reddish 
brown  colouration  with  ferric  chloride,  which  is  changed  by 
sodium  carbonate  to  purple- violet,  while  ferrous  sulphate  and  a 
little  carbonate  of  soda  produce  an  intense  blue  colouration.^ 


^  TRIHYDROXYBENZOIC  ACIDS,  C„1L(0H),C0,H. 
Gallic  Acid. 

'  9301  The  history  of  this  substance  goes  hand  in  band  with 
that  of  tannic  acid.  In  the  introduction  to  organic  chemistry  it 
has  already  been  mentioned  how  Phny  states  that  paper  dipped 
in  an  extract  of  nut-galla  was  used  to  ascertain  whether 
verdigris  was  adulterated  witii  green  vitriol.  He  also  informs 
us  that  the  juice  of  nut-galls  was  used  to  recognize  a  kind  of 
alunun,  employed  for  dyeing  wool  black,  which  was  either 
natural  green  vitriol  or  a  mineral  containing  this  salt, 

It  was  aho  known  in  very  early  times  that  certain  parts  of 
plants,  which  have  an  astringent  taste,  give  a  black  coloiiration 
with  bodies  containing  iron.  In  addition  to  nut-galls,  Paracelsus 
enumerates  the  sap  of  oaks,  alders,  &c,.  which  colour  solutions  of 
iron  and  copper  black,  and  Libaviua  used  this  reaction  in  the 
analysis  of  mineral  waters.  wbii:h  were  coloured  black  in  the 
jiresence  of  hon,  but  only  darkened  when  containing  copper ;  he 
thus  (Uacovered  the  presence  of  copper  vitriol  in  the  "  Wein- 
brunncn  "  at  Schwalbach. 

Tachenius  states  in  Jlippoerales  ckynijats,  1766.  that  tinc- 
ture  of  nut-galls  produces  various   coloured   precipitates  with 

'  Ber.  Dttihrh.  C/iein.  G'en.  xi».  482.  '  Jifhmb.  Cheni.  1887.  762. 


AROMATIC  COMPOUNDS. 


I 


solutions  of  iron,   copper,   lead   and    mercuiy,   and    separat^^' 
metallic  gold   from   solutions   of   its   salts.     Other  astringer^^^ 
plants  have  a  similar  action,  which   he   compares  with  thjt.  ^' 
of  the  volatile  alkalis,  since  these  remove  acids  from  vitriol   -^> 
in  a  similar  manner,      Lemery  takes   the   same  view  in   liii^-^ca 
paper  on  the  kinds  of  vitriol  and  the  formation  of  ink,  whicb^T -h 
is  published  in  the  Memoirs  of  the  Paris  Academy  for  1707       ~^\ 
nut-galla,  according  to  him,  are  of  an   absorbent  or  alkaline  -*ie 
nature,  and  therefore  act  like  salt  of  tartar,  lime-water,  immnnin  ■"t" 
That  the  latter  do  not  produce  a  black  precipitate  withrrff^h 
iron  is  accounted  for  by  the  fact  that  the  sulphurous  particlii^-^aes 
present  in  nut-galls  are  absent  in  the  alkalis.     As  a  proof  ot^iiX't 
this  he  mentions  that  when  these  absorbent  substances  are  mad^»  tie 
to  combine  with  sulphur,  they  do  give  a  black  precipitate  with:i^*h 
solutions  containing  iron. 

Bergman,  on  the  other  hand,  suggested  in  1775,  that  a^»  ^ 
vegetable  acid  is  contained  in  astringent  substances,  and  int^^^  *^ 
his  Eleiiicns  de  Ckyrnie  VIIT,  published  by  Morveau,  Maret,  andfc** 
Durande,  it  is  stated  that  on  the  dry  distillation  of  nut-galla  a-^^  * 
substance  sublimes  which  blackens  solutions  of  iron  and  behaves  ^3s»^s 
as  a  true  acid.  In  order  to  obtain  it  in  a  purer  condition,  «  *-^' 
Retzius,  in  1783,  treated  the  dried  extract  of  nut-galU  with  **' 
cold  water,  and  in  this  way  obtained  a  substance  which  bad  the  ^^^ 
properties  of  an  acid  and  effervesced  with  alkaline  carbonates,  —^' 
In  1786,  Scheele  prepared  gallic  acid  by  exposing  extract  of  nut- 
galls  to  the  air  in  a  warm  place  and  frequently  removing  the 
film  of  mould  which  was  formed.  The  crystalline  precipitate 
which  gradually  separated  out  was  purified  by  recrystailization. 
He  observed  that  when  gallic  acid  is  heated  a  body  sublimes 
which  ako  precipitates  fron  salts,  but  which  he  considered  to  be 
different  from  gallic  acid,  a  view  which  was  also  taken  by 
Eerthollet  in  his  Slaiique  chiniiqti^,  1803,  while  Fonrcroy  and 
Berzelius  beheved  that  the  sublimate  is  the  pure  gallic  acid,  this 
being  denied  by  Braconnot  and  also  by  Pelouze  (Part  III.,  p. 
181).  The  astringent  constituent  of  nut-galls,  subsequently 
called  tannic  acid,  was  first  recognized  as  a  distinct  substance 
by  Deyeux  in  1793,  and  more  definitely  by  Seguin  in  1795, 
after  which  Berzelius  obtained  it  in  a  pure  or  almost  pure  ( 
dition.  It  had  already  been  noticed  that  it  is  readily  converted 
into  gallic  acid,  but  the  relations  of  the  two  substances  had  not 
been  explained,  although  many  chemists  hod  iaveetigated,  J 
I  <]ue&tioa. 


GALLIC  AND  TANNIC  ACIDS, 


Pelouze  and  Berzcliua  gave  to  tanaic  acid  the  formula 
Gj^H,gOt2,  which  was  altered  by  Liebig  to  CigHigOij,  since  tbe 
latter  explains  in  a  simple  maoner  its  conversion  into  gallic 
acid  in  presence  of  water  and  oxygen :  "  From  one  atom  of 
t-annic  acid  and  four  atoms  of  oxygen,  exactly  two  atoms  of 
gallic  acid  and  two  atoms  of  carbonic  acid  are  formed,  while 
a^x:ording  to  the  formula  Ci^HjgO,^,  two  atoms  of  hydrogen 
remain  over,  and  do  one  knows  what  becomes  of  them." '  At 
XL  later  period  he  proposed  the  formula  CigHj^Og  +  3aq.  which 
<:aji  be  expressed  as  the  sum  of  the  formulae  of  anhydrous 
^Lcetic  acid  and  gallic  acid ;  he  had  found  that  tannic  acid  can 
l^e  converted  into  gallic  acid  without  the  intervention  of  oxygen 
by  simply  boiling  for  a  few  minutes  with  caustic  potash,  or 
Taetter,  dilute  sulphuric  acid.*  He  could  not,  however,  detect 
aany   acetic  acid  and   suggested   that   an   isomeride    of  this  is 

Bmied,  which,  however,  from  the  behaviour  of  tannic  acid 
wards  sulphuric  acid,  could  not  be  a  sugar '  as  bad  been 
iggeated  by  Stas.* 

Wetherili,  on  the  other  hand,  assumed  that  tannic  and  gallic 
acids  were  isomeric,*  while  Mulder  gave  to  the  former  the 
formula  C,^H|uOg.  according  to  which  it  forms  two  molecides  of 
gallic  acid  by  the  assumption  of  the  elements  of  water;" 
subsequently,  however,  he  altered  hia  formula  to  C,,HuOj,  and 
looked  upon  gallic  acid  as  an  oxidation  product.^ 

Tannic  acid    was    then   carefully    investigated    in   Liebig'a 
laboratory  by  Strecker,  who  succeeded  in  resolving  it  into  grape 
nigar  and  gallic  acid,  expressing  the  reaction  by  the  following 
■^equation  ;  * 

C„H^,0„  +  ^HgO  =  3C,H«0,  +  CgHijOg. 

This  view  was  almost  universally  accepted,  the  more  so  as 

ther   tannic   matters    had    proved   to   be  glucosides,   and   as 

the  formation  of  gallic  acid  by  fermentation  received  a  simple 

.nation.     According  to  Strecker's  equation,  29'1  per  cent 

Jof  grape  sugar  should  bo  formed,  while  he  only  obtained  15 — 22 

r  cent.,  and  Rochleder  found  that  by  proper  purification  the 

mount  can   be  reduced   to  4  per  cent,  without  altering  the 

ihemical  and   physical   properties   of  the   tannic   acid  to  any 


•  Jni%.  Chem.  Fkarm,  i.  II 
»  Bandi.  Chem.  854. 

•  Jownt.  Frail.  Chem,  Jilii, 
'  im.  1858,  SOI. 


*  Ann.  Chtm.  Pharm.  in.  205. 
'  Jahira.  Chtm.  1848,  634. 
'  Ann.  Chem.  Pharm.  xc.  828, 
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important  extent.'  His  results  confirmed  those  of  Knop,  who 
succeeded  in  converting  95  per  cent,  of  the  tjiniiic  acid  into 
gallic  acid,  ellagic  acid,  CjjHgOg,  and  a  carbohydrate  being  also 
formed.'  Steuhouse  had  previously  arrived  at  simiUr  results, 
having  found  that  by  the  use  of  sufficiently  dilute  sulphuric 
or  hydi-ochloric  acid  almost  the  whole  of  the  tannic  acid  can  b« 
converted  into  gallic  acid.* 

Rochleder  then  assumed  that  the  eugar  is  formed  from  some 
admixture,  and  that  tannic  acid  stands  in  the  same  relation  ^^ 
gallic  acid  as  dextrin  to  grape  sugar.     Hlasiwetz  remarks  o» 
this  question  :  "  If  tannin  is  not  a  glucoside,  it  may  perhaps  ^^ 
a  digaliic  acid,  which  corresponds  to  gaUic  acid  in  the  same  v^^'^ 
as  diethylene  alcohol  to  ordinary  glycol,  and  it  would  then  ha"^** 
the  formula  which  was  first  proposed  for  it  by  Mulder : 

2CjHflOs-H,0  =  ChH„Ob. 

"  The  analyses  of  tannin  and  its  salts  agree  with  this  con; 
position  as  well  as  can  he  expected  in  the  case  of  a  substance 
which  is  so  difficult  to  purify."  * 

Lowe,  however,  came  to  a  different  conclusion ;  he  found  tha'  ■ 
silver  nitrate  and  arsenic  acid  are  reduced  by  gallic  acid  witt 
formation  of  eilagic  acid  and  a  substance  which  has  all  the  pro- 
perties of  tannic  acid,  so  that  he  considered  the  latter  to  be  an^ 
oxidation  product  of  galHc  acid.'     He  subsequently  found  that  — 
the  correct  formula  of  tannic  acid  is  Cj(H,„Og.  but  assumed  that   ■ 
gallic  acid  is  not  formed  from  it  only  by  assumption  of  water, 
but  that  a  molecular  change  takes  place.* 

Schiff  on  the  contrary,  shuwed  conclusively  that  arsenic  acid 
and  also  phosphorus  oxychloride  simply  exert  a  dehydrating 
action,  and  that  the  digaliic  acid  thus  formed  is  identical  with 
tannic  acid,  This  question  vrill  be  more  fully  considered  under 
the  tatter. 

3oa  Gallic  acid  occurs  ready  formed  in  nut-galls,  sumach  and 
divi-divi.  the  fruit  of  CaesaJpinia  corinriaP  It  is  also  found  in  the 
loaves  of  the  red  bear-berry  (.^rciwflin^jAy/os  Uva  «m),'inChma 
tea,"  and  in  red  Biiudner  wine."*    Etti  obtained  it  by  heating 

1  Chem.  Cenlratht.  1853,  579. 

'  Chen.  Soe.  Hem.  i.  p.  117. 

'  Jotim.  PraH-l.  Chem.  cii.  Ill  ;  cm.  an, 

'  FrtMniut'  Zeiliichr.  li.  SB6, 

'  Stenhouu,  Chtm.  Soc,  Mtfrn.  L  137. 

•  Kawalicr,  Jahrah.  Chtm.  18S2,  683. 

»  Hlaaiwctl  ami  Halin,  Zeilxhr.  Chan.  18117,  271. 

>  Simlei,  Jaknib.  Chtm.  1361,  B23. 
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kinoin,  Cj,HjjOj,  with  hydrochloric  acid ;  *  it  is  also  formed 
when  di-iodoparahydroxybenzoic  acid,'  bromoprotocatechuic  acid,* 
bromox-eratric  acid,*  atid  a-bromoresorcylic  acid.^  are  fused  with 
caustic  potash.  According  to  Lauteniann  it  is  also  formed  in 
tliia  way  from  di-iodosalicylic  acid,*  but  Demole  failed  to  obtaiii 
it  by  this  method,'  and  it  is  probable  that  Lautemann's  com- 
pound, which  was  only  obtained  in  small  quantity,  is  the  isomeric 
pyrogallolcarboxylic  acid. 

Ill  order  to  prepare  gallic  acid,  Scheele's  method,  which  is 

stated  by  Liebig  to  give  the  best  yield,  is  made  use  of.     Finely 

J  powdered  nut-galla  are  e.ttracted  with  cold  water  and  the  solution 

■  allowed  to  stand  in  a  warm  place,  the  precipitated  acid  being 

•^t^rystallized  from  boiling  water. 

According  to  Braconnot,  the  entire  nut-galls  may  be  moistened 

'^'*th  water  in  summer  ot  allowed  to  stand  in  a  warm  place  until 

•ley  form  a  paste,  which  is  then  extracted  with  boiling  water.* 

The   spores  of  Pf-nicillium  glattcum  or  AipergiUiis  niger  are 

"Gcessary  to  set  up  fermentation.'      Wittstein  recommenda  the 

■**^*iition  of  beer  yeast;  he  thus  obtained  almost  50  percent. 

''*^*^n  Chinese  nut-galls,  while  without  the  yeaat  the  yield  only 

*-**»ounted  to  17  per  cent.'"     One  hundred  pounds  of  Turkish 

'^'--galls,  treated  by  Scheele's  mtthod,  give  24  pounds  of  gallic 

1 1  crystallizes  in  silky  needles  or  asymmetric  prisms,  containing 
**^  molecule  of  water,  which  is  lost  at  120°,  has  an  acid, 
?^*-i-ingent  taste,  and  dissolves  in  130  parts  of  water  at  ISa",  and 
^**  3  parts  at  100°.  It  is  more  readily  soluble  in  alcohol,  since 
"  "Oo  parts  dissolve  in  100  parts  of  absolute  alcohol  at  16°, 
^*»«1  18-90  parts  in  100  parts  of  90  per  cent,  alcohol,  while  100 
•^^•"ts  of  ether  only  dissolve  2'a  parts.'* 

CSallic  acid  commences  to  melt  above  220°  and  decomposes 
J^'to  carbon  dioxide  and  pyrogallol  when  more  strongly  heated. 
*■*-  is  readily  oxidized,  reduces  Fehling's  solution  and  the  salts  of 
•••lo  noble  metals,  and  in  alkaline  solution  absorbs  oxygen.  When 
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•  Barlh  und  Sanhofer,  Ann. 

•  IMd.  CXI.  137. 
'  Ber.  Deutiuh.  Chem.  Qa.  y 
«  Ann.  Chim.  Pky,.  ix.  181. 
»  Tieghem,  ZtilKhr.  Chem.  1S69,  S22. 
'•  VitrtdjahT—dtr.  Pharm.  ii.  72. 

"  Steer,  JahTober.  Chtm.  1858,  492. 
"  BonrECiln,  BkU.  Sat.  Chim.  xxix.  24 


it  \s  uiiieL  ':u  &mc  i!iili>i!iiie.  %  parti;^!  redaction  ensaes 
:uiit  fc  biiu'iv-bLiie  pr4cipitace  is  fiirni*^  which  dissolves  in  the 
'^icctfs  3t  remc  •.'hluiiiie  winh  %  green,  colour.  According  to 
Km.  "iie  rDiuiiraciun  tLepemis  nuunlj  on  the  concentration  of 
die  ^luinons.  :uid  varies  beriveen.  bLftck-blue,  black-green,  blue, 
;.:r4em:$a  :iaii  bniwnish  ;£reen.  An  excess  of  gallic  acid  destrojfs 
cae  •:tui>iir  ^uiii  *f!fiH:ts  compleiie  reducdon  to  ferrous  chloride; a 
solution  ot  piipf  ftfrruns  aulphafie  in  absence  of  air  is  theref(»e 
noc  :iLrepfii  by  it.  but  on  exposure  to  air  is  oJoored  a  bright  Uae, 
and  >iep«)aits  n  bia^rk  precipii&U^  withoat  becondng  decolourized. 

Ckiilic  bL-iil  in  alcoholic  or  alkaline  solution  reduces  parsnitzo- 
benzvL  oiili}nJiIe  to  paninitEQtoIixene*  DigaUic  acid  and  pyro- 
galloi  !iav»f  a  ^^iniilar  dirtion.^ 

Ic  is  t.v'Qverted  bj  the  acti>m  of  potassium  chlorate  and 
hyiirr^.-iiLorc  afc-'jii  into  tricarballTiic  acid,  C3H5(COjBQ^  and 
Lit  /r/-»>/i.*  '^■'////'.v;T«."  ticuL  CCIyC  OH  yCOjH,  which  crystallizea  in 
netrtiles  anti  is  readily  decomposed  bj  alkalis  into  chlorofonn  and 
oxalic  aci«L- 

When  gallic  acid  is  heated  with  sulphuric  acid,  rufigallic  add 
or  hexyhylr«,^x7anthranurnoae*C^^HjOj;OH)^is  f(»ined,  while  an 
acid  ^)lrini<jn  of  potaaaLum  permanganate  produces  hydronifigalBc 
acii.  CuH,03- 

<~raiiic  aoi'i  is  no:  precipitated  bv  gelatine  solution,  and  can 
thus  be  disdnguished  firom  tazmic  acid  and  other  similar 
suh^stanoes. 

2203  Til*!  G-yiiiiM  have  been  chiefly  investigated  by  Buchner. 

S^idinm  g'lliit:^,  C^H.  OlTjCO^Na  +  SH^O,  is  obtained  by 
abiding  aloi.^holic  si.xia  to  a  solution  of  the  acid  in  alcohol  as  a 
granuL\r.  cry stiU  line  precipitate,  which  crystallizes  firom  a  very 
concentrated  a«|ueous  solution  in  pointed  yellow  plates. 

PrAa^ium  gallaU,  C^H3(OH)5COjK-hCeH2(OH)5CO^+H,0, 
Ls  a  light,  crystalline  powder  which  is  prepared  in  a  similar 
manner  to  the  sodium  salt ;  the  normal  salt  has  not  yet  been 
obtaine<l. 

Ammonium  gallate,  C^^{pR)fi0^11^  +  H^O,  is  formed 
wlien  ammonia  is  passed  into  a  solution  of  the  acid  in  absolute 
alr;r>liol,  and  crystallizes  firom  water  in  fine  needles.  When  its 
Kolution  is  boiled,  the  acid  salt,  CeH,(0H)3C0jNH^  +  CeHjCOH), 
CCJjjH,  is  deposited  on  cooling  in  splendid  crystals.*     It  is  also 

'  Pcllizzari,  Gazz  Chem.  lUU.  xiv.  481. 

'  HcJirodfir,  Ann.  Chttm.  Pharm.  clxxviL  282  ;  see  aUo  Gaisen  and  Antweiler, 
Ber.  iMtUMih.  Chrm.  Grji.  xiii.  1938. 
•  Ktti,  Uer,  DeutHch.  Chcm,  Qes,  xviL  1821. 


formed  when  dry  gallic  acid  is  satorated  with  ammonia,  the 
excess  of  the  latter  allowed  to  evajwrate  in  a  vacuum  and  the 
residue  cr^tallized  from  water ;  it  contaius  water  of  crystallization 
(Robiquet). 

Calcium  gallate,  {G-,'Q.fi^fi&  +  3HjO,  forma  thin,  crystalline 
crusts,  consisting  of  needles.  When  lime-water  is  added  to  a 
solution  of  the  acid  a  dirty  green  precipitate  is  produced. 

Barium,  galtate,  (C^^ifi^^Ba  +  3HjO,  is  obtained  by  neutra- 
lizing a  boiling  solution  of  the  acid  with  barinra  carbonate ;  it 
crystallizes  in  small  plates,  which  do  not  readily  redissolve  in 
water.  If  the  freshly-prepared  solution  be  treated  with  barjta- 
water,  a  precipitate  of  CjH^OjBaj  -|-  SH^O  is  formed,  which 
rapidly  becomes  coloured  dark  blue  on  exposure  to  the  air  in  the 
moist  state  (Hlasiwetz). 

Ltad  gallate.  Lead  acetate  added  to  a  hot  solution  of  an 
excess  of  the  acid  produces  a  precipitate  of  SCjHjO^Pb  +  H^O, 
which  soon  clianges  to  a  lustrous,  crystalline  powder.  If,  how- 
ever, an  excess  of  the  lead  acetate  be  employed,  a  flocculent 
precipitate  is  formed,  which  becomes  yellow  and  crystalline  on 
boiling  and  has  the  formula  CjHjOjPbj  (Liebig). 

Iron  gallate.  A  splendid  blue  precipitate  is  obtained  when 
the  acid  is  added  to  a  mixture  of  three  molecules  of  a  ferrous 
salt  with  two  molecules  of  a  ferric  salt.^ 

Hthi/l  gallate,  2C9Hj(OH)3COj,Cs,H5  +  5Hj,0,  is  formed  when 
hydrochloric  acid  is  passed  into  the  alcoholic  solution  of  the  acid. 
It  is  slightly  soluble  in  cold,  readily  in  hot  water  and  alcohol, 
and  crystj»llizes  in  pointed  prisms,  which  lose  their  water  at 
100°.^  It  is  slightly  soluble  in  chloroform,  from  which  it 
separates  in  anhydrous  crystals.^  It  behaves  towards  ferric 
chloride,  silver  nitrate,  &c.,  in  the  same  manner  as  the  free 
acid,  and  on  heating  decomposes  into  alcoliol  and  pyrogallol, 
accompanied,  however,  by  other  products.*  When  iicid  sodium 
carbonate  is  added  to  its  aqueous  sohition,  small  crj-stals  of 
C^(OH)sCOj.CjH,  +  CoHj(OH)jCONa)CO,.C3Hj,  are  formed, 
which  are  scarcely  soluble  in  cold  water  (Ernst  and  Zwenger). 
Lead  acetate  added  to  an  aqueous  solution  of  the  ether  produces 
a  finely  divided  precipitate  of  (CgHj(C0j.CjH5)03)(Pb3  (SchifiT). 

Trielhylgallic  acid,  CeHj(0CjH5),C0aH.      The  ethyl  ether  of 
this  substance  is  obtained  by  heating  ethyl  gallate  with  caustic 
'  BaiTeBwill,  Compl..  SfiuL  xvii.  78S. 
'  Urimnui.  Bull.  Sac  Chim.  ii,  H. 
*  ErnM  and  ZwEjigor,  jinn.  Chan.  Pharm.  elix.  29. 
'  Schiir.  ibid,  ciliii.  2D». 
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In  order  to  avoid  oxidatioa,  amraonium  sulphite  must  be 
added  to  the  solution  or  the  operation  must  be  conducted  in 
an  atmosphere  free  from  oxygen.'  It  crystallizes  from  hot  water 
in  large,  colourless  plates  and  decomposes  on  boiling  with 
hydrochloric  acid  into  gallic  acid  and  ammonia. 

3204  i^^a^'w  acid,  Tiumic  acid  or  Tannin,  CbHj(OH)jCO. 
OCgHj(0H)jC0jH.  The  name  of  tannic  acids  has  been  applied 
to  a  whole  series  of  subatances,  which  are  weak  acids,  have  an 
astringent  taste,  give  black-bhie  or  dark  green  compounds  with 
Salts  of  iron,  and  combine  with  animal  skins  to  form  leather,  for 
which  purpose  they  are  largely  employed.  Those  boilies  do  not 
stand  in  any  intimate  chemical  relation  to  each  other,  and  the 
tannic  acid  derived  from  nut-galls,  the  constitution  of  which  is 
known,  is  alone  referred  to  here. 

Xhe  nut-gallsin  which  it  occurs  are  of  two  kinds;  the  ordinary, 
Turkish  or  Levant  variety,  which  are  produced  by  the  puncture 
**f  the  gall-fly  {Cynvpa  Gallae  tinctoriac)  in  the  young  shoots  of 
VM«»-n*j  hufilanica,  par.  infectoria  and  probably  some  other 
*P^cie8,  and  the  Chinese  or  Japanese  nut-galls,  which  are  formed 
"y  a  plant-louse  {Aphis  chincnais)  on  the  leaf-stalks  and  young 
^^igs  of  Bhm  stmialata.  Jn  addition  to  these  modes  of  occur- 
^■'iQce,  tannic  acid  has  hitherto  only  been  observed  in  sumach, 
*^  leaves  and  twigs  of  Rkux  coriaria? 
Stenhonse,  who  found  that  tannic  acid  from  sumach  is  con- 
^  ^i~ted  into  gallic  acid  by  dilute  sulphuric  acid,  says :  "  Sumach, 
'^^refore.  appears  to  approach  the  nature  of  nut-galls  more 
^losely  than  any  of  the  other  astringent  substances.  This  fact 
**  Well  known  to  Turkey-red  dyers,  who  have  lung  successfully 
^*ttployed  sumach  as  a  substitute  for  galls." 

In  order  to  prepare  tannin,  the  method  of  Pelouze  was  formerly 

Employed,  according  to  which  the  nut-galls  are  extracted  with 

^^inary    ether,   containing    Iwth    alcohol    and    water.       The 

illation  thus  obtained  separates  into  two  layers,  the  upper  of 

>fhich  consists  of  water  and  ether  containing  gallic  acid  ami  a 

^^  little  tannin,  while  the  syrupy  lower  layer  is  a  solution  of  tannin 

^KSn  water  and  ether  and  is  evaporated  to  dryness, 

^^B     A  mixture  of  12  parts  of  ether  and  3  parts  of  alcohol  is  now 

^^■^ised  for  the  extraction,  12  parts  of  water  being  added  to  the 

^^r  extract  and  the  alcohol  and  ether  removed  by  distillation.     The 

^F       '  Knap,  Jahrtabtr.   Chrm.   196J,  431  :  Sphiff  nnd  Pons,  Bit.  Dniiteh.  Chem. 
Ot.  XV.  2681  ;  xviii,  *87  ;  EHi,  ibul.  %y\\.  1B20. 
'  etauhouu,  Chan.  Soc.  Mem.  i.  137  ;  LiiwB,  Pea.  ZeiUthr.  »u.  I2P. 
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PROPERTIES  OF  TANNIN. 


liich  gives  all  the  reactiuiis  of  tannin,  is  also  iu  favoi 


CgH,(OH)gCO.OK  +  BrCgH,(OH),CO.OH  = 
cX(0H),C0.0.CBHg(0H)5.C0.0H  +  KBr. 

mJ'ropcrties. — Tannin  is  a  colourless,  amorphous  mass,  which  is 

^  on  the  evaporation  of  its  solution  in  brittle,  vitreous  masses, 

bich  become  coloured  yellow  in  the  light,  even  when  exposed 

I  closed  vessels.     It   reddens   litmus  and  has  a  very  strong 

ingent  taste,  is  readily  soluble  in  water,  leas  so  in  absolute 

^hol.and  almost  insoluble  in  absolute  ether.   Finely- powdered 

hnin  coagulates  in  ether  which  contains  water,  and  then  de- 

luesces,  so  that  it  can  be  employed  to  detect  the  presence  of 

1  ether.     If  water   be  slowly  dropped  into   the  vessel 

ntaining   the    thick    solution    covered    by    ether,    a   point    is 

tained  at  which  three  layers  are  formed.*     This  occurs  when 

D  ccms.  of  water  and  150  ccms.  of  ether  are  present  to  100 

ms.  of  tannin  ;  the  lowest  layer  contains  moat  tannic  acid,  the 

Iddle  layer  some  tannic  acid  and  a  large  amount  of  water 

pile  the  upper  layer  consists   almost  entirely  of  ether,  but 

mtains  a  Uttle  tannic  acid.' 

I  Tiinnin  is  insoluble  in  carbon  disulpbide,  chloroform,  petroleum 

fiber,  benzene,  &c.     Its  aqueous   solution  gives  a  bJack-hlue 

Mmiration  and  precipitate  with  ferric  salts,  a  partial  reduction 

ting  place  (Wacfeenrotler) ;  ferrous  sulphate  produces  in  a 

■ntratcd    solution   a  white,   gelatinous    precipitate   which 

x>ines  coloured  blue  in  the  air. 

r  When  tannin  is  heated  it  darkens  at  150° — 160°,  and  at  215° 

aeconiposes  into  watfx,  carbon  dioxide  and   pyrogallol,  which 

volatilize,  while   metagallic   acid   or  melangalUc   acid   is    left 

behind;   this  substance  alone  is  formed  when  tannic  acid  is 

rapidly  heated  to  2.50°,  and   ia  a  black,   amorphous,  tasteless 

mass.      Tannin    very    readily   undergoes    oxidation;    strongly 

ozonized  air  proriuces  completo  combustion,  oxalic  acid  being 

formed  as  an  intermediate  product  (Schonbein) ;  it  reduces  the 

Pnlta  of  copper,  silver,  mercury,  goM,  &c.    In  alkaline  solution 

Kit  rapidly  absorbs  oxygen,  the  liquid  becoming  coloured  dark. 

■  Tannin  is  precipitated  from  aqueous  solution  by  dilute  hydro- 

l-diloric  acid,  sulphuric  acid,  common  salt,  potassium  chloride, 

'  Hunt,  Clu^n.  JVeu-j,  liL  ia. 

'  BoIIm-.  Ana.  Chtm.  F/uirm.  civ.  1!^, 

*  Luboltlt,  Jahretb.  Clirm.  ISfia,  SPR. 
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potassium  acetate  and  other  salts,  bnt  not  by  nitric  acid  or 
sodium  sulphate.  Animal  skin  removes  it  from  solution  com- 
pletely ;  it  precipitates  gelatine  solution,  egg  albumen,  alkaloids 
and  other  substances. 

The  Tannates,  Tannin  decomposes  carbonates  and  is  a  mono- 
basic acid,  the  salts  of  which  are  amorphous  and  difficult  to 
prepare  pure.  Many  of  them  are  insoluble  precipitates,  such  as 
the  tannates  of  lead,  copper,  tin,  and  antimony,  and  these  may 
be  used  for  the  quantitative  estimation  of  the  acid. 

Tannin,  or  rather  the  material  containing  it,  is  employed  in 
medicine,  dyeing,  the  manufacture  of  inks,  the  clarification  of 
beer  and  wine,  &c.  It  is  not  adapted  for  use  as  a  tanning 
agent. 

Pintor-acetyltannin,  C^^^gfC^^O^O^  is  obtained  by  boiling 
tannin  with  acetic  anhydride  for  one  hour ;  it  is  insoluble  in 
water  and  separates  firom  boiling  alcohol  in  white  spherical  or 
warty  aggregates  of  crystals,  which  melt  at  137**.  Its  solution 
is  precipitated  by  lead  acetate,  but  is  not  coloured  by  ferric 
chloride  (Schiff). 

Kinoin,  Ci^H^jO^  was  discovered  by  Etti  in  Malabar  kino,  the 
dried  sap  of  Pterocarpus  Marsiipium  (p.  351).  It  crystallizes  in 
prisms,  which  are  slightly  soluble  in  cold,  readily  in  hot  water 
and  alcohol ;  its  solution  is  coloured  red  by  ferric  chloride.  On 
heating  to  120°  with  hydrochloric  acid,  it  decomposes  into  methyl 
chloride,  catechol  and  gallic  acid  : 

CuHioOe  +  HjO  4-  Ha  =  CHja  +  C^^fi^  ^  C^H^Og. 

It  is  therefore  gallylcatechol  methyl  ether,  and  probably  has 
the  following  constitution  : 

HO.  .OH 

HO^  \C0.0CeH,.0CH3. 

Kino-rcd,  CggHgjOu,  is  an  astringent  substance  which  als«i 
occurs  in  kino,  and  is  formed  by  heating  kinoin  to  120° — loO'. 
It  is  a  red,  resinous  substance,  which  is  slightly  soluble  in  water, 
readily  in  alcohol  and  alkalis,  gives  a  dirty-green  colouration 
with  ferric  chloride,  and  precipitates  gelatine  solution.  On 
heating  to  160° — 170°,  it  melts  with  loss  of  water  and  is 
converted  into  an  amorphous  red  compound,  CgjHjo^iO'  which 
may  also  be  obtained  by  heating  kino-red  with  dilute  hydro- 
chloric  or  sulphuric    acids.      On  dry  distillation,   the   larger 


SINAPIN. 


tion   becomes    carbonized,   phenol,    catechol    and    a   small 
kount  of  anisol  or  giiaiacol  being  formed.' 

J  Sinapin,  CjgH^NOs.     Henry  and   Garot  discovered  in 
i  seeds  of  the  white  mustard,  a  crystalline  compound,  con- 
ling  both  sulphur  and   nitrogen,   to  which   they  gave  the 
e  of  sulphosinapin,*  and  which  was  subsequently  recognized 
I  and  Hirscbbrunn  as  sinapin  thiocyanate.'    Robiquet 
Boutrou  Charlard,  repeating  the  research  of  Henry  ajid 
rot,  obtained  another  substance,*  which  Will  and  Lauben- 
r  named  sinalbin,  and  which  is  resolved  into  acid  sinapin 
vte,  sinalbin  mustard  oil,  and  grape  sugar,  by  the  action  of 
in  in  aqueous  solution  (Vol.  III.,  Part  II.,  p.  393). 
I  Sinapin,  which  is  generally  classed    among  the  alkaloids,  is 

remely  deliquescent,  but  forms  stable  salts. 
USinapin  Uiioeyanale,  CmHjjNOj.HSCN,  is  obtained  from  the 
"dered  seeds  by  first  extracting  thera  with  ether  and  cold 
1,  and  then  boiling  up  with  90  per  cent.  alcohoL  A  very 
inoua  crystalline  mass,  which  bears  a  strong  resemblance 
^  quinine  sulphate,  separates  out  on  cooling.  It  crystallizes 
a  dilute,  hot,  aqueous  solution  in  lai'ge,  fascicular  groups  of 
idles,  which  melt  at  176',*  and  are  only  sUghtly  soluble  in  cold 
il  and  water. 

d  sinapin  sulphate,  CioHsaNOj.HaSOj  +  2HjO,  is  obtained 
Jing  sulphuric  acid  to  a  concentrated,  hot  solution  of  the 
anate ;  it   crystallizes  in  rectangular  plates,  has  an  acid 
ction  and  is  readily  soluble  in  water. 

!  normal  sulphate  may  be  prepared  from  the  acid  by 
lutralizing  with  baryta  water  and  evaporating  the  filtrate; 
,  extremely  soluble  crystalline  mass.  The  nitrate 
Old  hydrochloride  of  sinapin  can  be  prepared  from  it  by  means 
t  barium  nitrate  or  chloride,  and  crystallizes  in  fine,  very 
IDluble  needles.  The  hydrochloride  combines  with  mercuric 
ide  to  form  the  compound  Ci^HjaNOs.HCl  +  HgClj,  which 
^tallizes  from  water  in  thin,  lustrous  prisms  (Will  and 
ifliubenheimer). 
When  the  sulphuric  acid  is  completely  removed  by  baryta 
f  irater  from  a  solution  of  the  sulphate,  a  solution  of  free  sinapin 
It  obtained  which  has  a  deep  yellow  colour,  is  alkaline  to  litmus, 

'  Bbt.  Dniitck    Cheia.  Qei.  li,  1879. 

^  Beraeltos,  JahraibeT.  vi.  S42  ;  xiL  363. 

'  Ann.  Clunn.  Phann.  IiixIt.  10. 

•  Ibi.1.  xn.  2Bfl. 

'  Eemsun  auJ  Coalc,  Am£r.  Chein,  Jwlrn,  vi.  60. 


^^m-r*^-  ?:sEPZfr§j& 


Qn  -oaiKr  tE  tut  itssprr  nuEfSkk.     It  decomposes 
X  -^^9»rrj:L.:^  tjc-  r^jt^nr  -naiiiymr  xnnmn  £Tc«n  juad  red  into 


*■      mm-   ^   t^     »       J 


rn  .£:-  -  i-z^r";'%:.Ttmt-  xaBiaiU; 


-jr 


-t  ^^rr-  -t_:.'rr.KLife  fe   MiuisL  ^wxi  HMTiifc  vioer  or  cansbc 
Y^-SAEi  ^..ziun.  r  ursjiBiDiraKiE  niu  -3iii«rciaar  scad.  siiia{MC  acid 

Tamw  snighrn   m  ^tho  and  Hirsch- 
KifffTSTiH^L  jtt  cnrrrif-  XoL  III.,  Part 

miL  J  11^* »*  TV  1-  .iTiT^r  gruKpin  v_[^  2iiCT*a  "wttser  and  decom- 
7*iBmr  "He  tt-t  minini.  Toiiia.  »  iicaziffeL  wziiL  hvimchicfnc  acid 
I""  jr  ■ni''  ^ii'in*'  ^iiuiiti  JL  nuL  leiGsr  loii  iiip:-^4.  and  crvstal- 
i;y^  iTiin  i.  inr  Titinraui  tl  BmiiL  i^ftLr^viia^  iziiZispare'Dt  prisms, 
nttimur  iz  litT  j^  iiliru'mM-  jdjixnara.  zacofly  loms  green,  red, 
ma  UTi^TTL  JL  ~atr  liT.  TTitf  ■tnrinm  :c  Ltxitci  to  the  freshly 
iF^^HT^L  >jLniiiia  jc  liif  i«{GBKniL  sail  rrEeipitates  it  in 
T'ifHiff^rTir  iiaGf:^  vuiiiiL  souiiT  lOtuti?^  a^cT  l^  x^EiiioTal  of  the 
laiMii.L  r.i*i:*TiiiL  lOxUEam  loii  '^tcrcjL  c^>cn5e  pcodace  white 
iritnDinKi**  nnL  j^mr  liiara:!*  xtt***  a  riatr-rcd  or  fine  purple- 
r^i  ^re  11^1-^1 -f-  i.  ^uiriuLl  rfinns.iL  iteizc  als:  e3€c:oi.  Lead 
su-^  iij  jT*i  -:  ^  in'inz^  s.LLiitriL  :c  li'f  j»  Si  r«r-:ouoe  a  white 
pr^r.^.i-;^.-:  -v*i_i:i  ji>:cl  i*fo;Gi*c*  £rriSL  »z»i  ih-en  bro-wTi,  while 
ZjIjz  :-.u>ir*jt<5  Tr=i:rTni:i«s§  jjiliimi  Vr  iz>r  sails  of  silver  and 
ZLr^rTTZTT     iTf    rL;:iii-T    r^rs^e*! :    ibc    sse^al    is    immediatelv 

TlrE:  ran^Ln  skli  iLrcif  Lk$  been  r-bcainc-i  in  a  condition 
FU'LACixr  ::r  izju-T^  CT  r-reciri'asir^  a  sc*Intion  of  the  acid, 
Eife^'a^izei  CT  pi-jLsh  :r  aEimr^iia.  wi;a  harium  chloride,  or 
mr^re  n^ii^T  br  brllinz  *£ee  ac^>i  w::h  barvta  water  in  ahseno.* 
of  air :  iz  tuis  'he  c^:  nir^^siiion  C^H.^BaOj. 

Bar»  3av.5 :  "  .Sin*:*  it  is  a  marter  of  some  difficulty  to  obtain 
another  salt  of  the  acid  in  a  state  fitted  for  analysis,  and  I  could 
not  ff[jare  too  much  material  for  this  research,  the  question 
w\it'.i\if:r  the  acid  is  mono-  or  dibasic  must  remain  for  the 
Itn^'jii  undecided]." 

Thin  fir^int  was  settled  by  Remsen  and  Coale,  who  heated 
wf;ij(lH:^l  amounts  of  the  acid  with  calcium  or  barium  carbonate 
and  dcU;rrriincd  the  amount  of  metal  which  had  entereil  into 
wihjtion ;  they  found  that  sinapic  acid  is  monobasic,  and  that 
th<5  normal  Iwiriurn  salt  has  the  formula  (C^JT^^OJ.Ba. 


The  iiisoluble  barium  salt  is  therefore  a  basic  compouDd, 
corresponding  to  the  basic  salicylates,  and  sinapic  acid  should 
therefore  bo  a  hydroxy-acid,  as  is  proved  to  be  the  case  by  the 
existence  of  the  following  compound. 

Aef-fi/lsinapic  acid,  CjiH„(C3HjO)Og,  is  obtained  by  boiling 
the  acid  with  acetic  anhydride,  and  forms  crystals,  which  are 
sobible  in  hot  water  and  melt  at  281". 

When  sinapic  acid  is  heated  on  platinum  foil,  vapours  are 
given  off  which  smell  like  incense,  and  are  also  formed  when 
the  acid  is  fused  with  caustic  pot,aah,  pyrogallol  being  among 
the  products. 

According  to  Remsen  and  Coale,  sinapic  acid  is  probably 
hutylenegallic  acid : 

C,H.<    >0,H,< 

^0^  ^CO.OH. 

If  this  view  be  correct,  the  following  formulae  will  represent 
tbe  constitution  of  sinapin  and  its  tLiocyanate  : 


\ 


C  H  C  H 

*   ^\o/  °    '\cO.OqH.N(CK3)jOH. 

^0^         \C0.0C3H,N(CH^)^S.CN. 


If  it  be  further  assumed  that  sinalbin  contains  two  molecules 
of  water  of  crystallization,  its  constitution  may  be  represented 
as  follows : 


T  /    \C 


/OCoH,iO, 


C  H         ^C  H  ' 
'      *    *\o/  "    '\cO.O.CjH/CH3)3NO.S0j,OCflH,.CHyNCS. 

Qallocyanin.    This  dye,  which   was   discovered  by  Kochlin, 

I'Biid  which  is  also  known  as  solid-violet  {violet  solide),  is  manu- 

Ifectured  by  heating  nitrosodimethylaniline  hydrochloride  with 

t  gallic  acid  or  tannin  in  alcoholic  solution.     It  is  a  crystalline 

,  Rubstance   with   a  green   metallic  lustre,  readily   dissolves  in 

alkalis,  and  yields  salts  which  crystallize  well,  that  with  auihne 

forming  small, green  crystals.     Gallocyanin  forms  ablue  solution 

in  concentrated  sulphuric  acid.     It  is  used  for  dyeing  cotton 

and  in  calico  printing,  since  it  forms  a  beo.ut\M  \\o\e\.-V\wV 


•  •■■  ■  "•    I  9^    _  .^ 
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^  ><•,•..*./  *    ,'    '• 't^t.../^^  rr'.ci  jli.t:  -wizrir  zi  sTrr zre^il-rs  ■:•:  the 

<  m 

.'  i ;  V  .»<•..;  /..;<;  4.  ::,^r^i:/:,r  v.- :  ^^ji*.^.  O-'t  p^in  dis&iives  at 
i'/  't  ,t,  'tK/  (/.ir*<  '/f  »;iV;r  .  ir  U  riyi-iilj  .v.-I^ble  in  al<»hol.  but 
i/  .-rf  ,'/,  ,/,  /  if,/  f  ^;/,  \tt'.i%y.iU't{  Ml  a  'rirrrrL*  of  Ly.lpjgen, a  gnuiual 
'  f'A'^^t'tit  *,t  '■•tt\i*,u  A\hi\i\«i  h/'j:oTii]/exTtifA  hj  fusion  sets  in  at 
r>  /  '"fti .  ff\n\r  ti  tnt\f\tfh*:n  mIowIv,  but  ^-ithout  decompositioD. 
nt  »i  '  »iM'  Iff  t,l  t  ii$\Htu  t\tttxi'U:.     lt.H  a/|uoous  solution  is  coloured 

•  )•'..  i.lji,.   ffnm     A'/i/...  iUh.    170;  I'aUi,   //m//.  A'oc.  CAim.   xxxviiL   162; 

•  •'Milindi  MM'I  ItniMfiM,  Afumif',h.  Chnn..  \.  408. 

"   ll  i.hIhhi  I  M,  //. »     IhiiUuh    t'f,rm,  Um,  kvvu.  '»Vi(»*2. 


\nolet  by  yery  dilute  ferric  chloride,  while  a  strong  aoluticai  pro- 
duces a  gri^nish  brown  colouration ;  ferrous  sulphate  produces  no 
immediate  colouration,  hut  the  hquid  becomes  violet  on  stand- 
ing. The  same  colouration  is  produced  hy  concentratetl  sulphuric 
ncid  which  contains  a  trace  of  nitric  acid. 

Baryta  water  and  lime  water  produce  blue  precipitates  which 
are  at  first  so  finely  divided  that  the  hquid  appears  clear.  The 
acid  is  coloured  dark  brown  by  strong  potash  solution,  especially 
on  boiling.  It  reduces  animoniacal  silver  solution  in  the  cold 
and  imparts  a  green  colour  to  Fehling's  solution,  reduction  taking 
place  on  warming. 

It  differs  sharply  from  gallic  acid  in  remaining  unacted  on 
by  sulphuric  acid  at  liO°,  no  rufigallic  acid  being  formed ;  do- 
composition,  accompanied  by  a  violent  evolution  of  gas,  sets  in, 
however,  at  a  higher  temperature. 

The  Fyrogallolcarboxt/lales.  The  following  salts  are  charac- 
teristic : 

Calciuvi  }>i/roffallDlcarbari/late,(C-l{fi^)^Cn+i'B.fi,  separates 
from  a  hot  solution  in  hard,  granular  crystalline  masses. 

Bariitm  pyroffalhkarffOXjflaU,  (CjHjOJjBa+SHjO,  crystallizes 
from  a  hot  solution  in  hard,  yellow  prisms. 

Basic  lead  pyrogallolcarbcofiftate,  CjHjPbjO(+  H,0,  is  a  white, 
Socculent  precipitate,  which  becomes  anhydrous  at  100°. 

Sthyl  pyrogiiliolcarboiT/taie.  2C„H,(OH)3COj.CjHs  +  3H,0.  is 
insoluble  in  cold  water,  but  readily  in  alcohol  and  ether,  and 
separates  from  a  hot  aqueous  solution  in  crystals,  which  become 
anhydrous  over  sulphuric  acid  or  at  100°,  at  which  temperature 
they  commence  to  sublime,  and  then  melt  at  102.°  Ferric 
chloride  colours  the  aqueous  solution  greenish  brown. 

TnethylpyrogailolcarhorifHc  acid.  Q^^{OG^^fiOfi.  The 
ethyl  ether  of  this  substance  is  prepared  by  heating  the  preceding 
compound  with  caustic  potash,  ethyl  iodide  and  alcohol.  It  is 
&D  odourless,  volatile  liquid,  which  is  readily  decomposed  by 
alcoholic  potash.'  The  free  acid  is  slightly  soluble  in  cold,  more 
readily  in  hot  water  and  alcohol,  and  crystallizes  in  long,  silky 
needles,  melting  at  100'5°.  It  was  first  obtained  from  tricthyl- 
daphnetic  acid.  CoHj(OC^Hj)jCgH2.COjH,  by  oxidation  with 
potassium  permanganate,  its  aldehyde  C,H,(0CjH5),CH0,  being 
simultaneously  formed  as  an  oily  liquid  which  gradiudly  solidifies 
to  a  crystaUine  mass  melting  at  70°.' 


Xir  ASOXATIC  COMPOUNDS. 
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PHLOMXULUCINOIXARBOXYLIC  ACID. 


I^^is  arif  ii^  c^ctawii  ttTbesdi^  phl<MX)gIacmol  with  acid  potas- 
SETczL  .*:fc:^'az«^  JAi  vai^r  to  130".^  It  crystallizes  in  needles, 
xcL^iiZx  A  mSM^ie  of  wiser  and  are  only  slightly  soluble  in 
M^c  SfOTf  r»iiE}T  IB  akoiioL  Teir  readily  in  ether  and  have  an 
5^.  TL^  wBSer  is  lost  at  100%  carbon  dioxide  being  also 
sk'ir^T  ^T  !rrf*i  C^  baling  with  water  it  is  decomposed 
fini.vd2T  irv  jeijcvK^hKinol  and  carbon  dioxide.  Its  aqueous 
sciXTirc  i>  .-vucoirei  an  xntenae  hloe  by  ferric  chloride,  which 
^vcL  :cjkZ:^^  TO  £rtT  brown,  and  its  alkaline  solution  turns 

Wrn*!r  :t5^  jJ!cc&?&  SQhition  is  saturated  with  hydrochloric 
jk-si.  .-xfcrK-c:  S.^xSie  i$  evohned  and  phloroglucinol  diethyl  ether 
»  iT3::>ed  ^FAn  IIL.p  1ST). 


HTDROXTQUINOLCARBOXYLIC  ACID. 

Ti-c  f :il^,>«^.r^  derirauiTes  of  this  acid  are  alone  known  : 

ic€r,,x>\  rv  :ho  oxi^id^tion  of  the  two  isomeric  triethylaesculetic 
*.M.:!?v  v\.Hj  vV^Hj,\CjHj.CX)jH,  with  potassium  permanganate, 
3uxi  orvs:iCI:r<'^  trv^m  hot  water  in  fine  needles,  melting  at  134^ 
Itj^  iCithvio.  O^Hj  OOJIj^'^OOH.  is  also  formed  and  crystallizes 
tTV»m  Alvvho!  in  splendid  pointed  prisms,  melting  at  95^ 

JT'^  "-i^;  I  rlK  yS^rcryqn  imt-icarioxylic  anV/,  CgH^(OCH3)3CO jH, 
rv:s>emb;e$  the  ethyl  compound  and  melts  at  108** — 109°.* 

Th^\^^  oonijxvands  wexe  at  first  considered  as  derivatives  of 
phlv>rogluoiuoloarK>xylic  acid.  When  the  triethylcompound  is 
distillovl  with  Ume,  however,  a  triethoxvbenzene  is  obtained, 
whioh  melts  at  oV,  and  is  therefore  diflferent  from  the  triethvl 

m 

ether  of  pvrogtdlol  or  phloroglucinol,  so  that  it  must  be  that  of 
hydroxyquiuoL^ 

*  At.  IkuiMh.  Chem^  Gts.  xvii.  2103. 

«  Will,  U>id,  xTi.  2112. 

«  Wm  and  Albrecht,  ibid,  xtu.  210S. 


CONSTITUTION   OF   THE   TRIHYDROXY- 
EENZOIC    ACIDS. 


According  to  theory. 
only  four  are  known : 


£  of  these  compounds 


Callie  acid. 

COJI 
OHWOH 


Pjrogallolcarboiy  li  c 

/\0H 


Phloroglacinolcttrljoi  y  Ug 

'cO,H 
OB/AOH 


Hydrnxyqniiioloiboxytic  acicla. 


CO.H 


OH/  ^DH  I 

\/on       OH- 


CO.H 
/\0H 


\/' 


OH 


CO^ 

(Y 

OH 


The  constitution  of  gallic  acid  is  determined  by  ita  formation 
»m  bromoprotocatechuic  acid  and  o-bromoresorcylic  acid, 
rhence  it  also  follows  that  pyrogallol  is  an  adjacent  trihydroxy- 
le,  and  that  in  phloroglucinol  the  hydroxyls  are  symmetri- 

illy  arranged  (Part  III,,  p.  181).     The  latter  can  only  yield 

lie  carboxylic  acid,  so  tliat  the  constitution  of  phloroglucinol - 

Wbosjlic  acid  is  determined ;  this  is  confirmed  by  ita  formation 

a  daphnetic  acid,  in  which  a  hydroxyl  is  known  to  be  in  the 

Jio-position  to  the  carboxyl. 

The  constitution   of  the   hydroxy quinolcarhoxy lie  acid  from 

iculetic  acid  has  not  yet  been  determined. 


QUINIC  ACID,  OoHt(OH),CO,H. 

2207  Count  Claude  de  la  Garaye,  in  1746,  obtained  a  crystal- 
lioe  deposit^  from  the  extract  of  Peruvian  bark,  which  became 
known  as  Scl  esse-iUiel  de  la  Oarayc.  Hermhstadt  of  Berlin 
showed  in  1785  that  this  "  Chinasalz  "  is  a  salt  of  lirne,^  and 
Hoftnann.  an  apothecary  of  Leer,  in  1700  detected  in  it  a 
'  Ckimie  kiidraxitigue,  Paris,  1718,  114.  '  Creira  Ann.  H  115, 


'hen  lead  dioxide  is  added  to  its  aqueous  solution,  carbon 
t>3cide  is  evolved  and  the  reaction  may  be  carried  on  by 
lating  the  mixture,  lead  quinate  and  quinol  being  formed :  ^ 

CrHjjO^+O  =  CeHgOa+CO.+SHp. 

("Wben  it  is  heated  with  manganese   dioxide  and  sulphuric 

,  quinone   is  formed,  while    protocatechuic   acid    may  be 

uied  by  evaporating  a  solution   of  the  acid  to  which  bro- 

ine  has  been  added.*  or  by   fusing   the   atid   with   caustic 

'  or   caustic    soila,*   aa    well    as,    together   with  a  large 

bount  of  benzoic  acid,  by  heating  quinic  acid  to  150°  with 

ling  hydrochloric  acid.* 
I  Fuming  hydriodic  acid  reduces  it  at  120°  to  benzoic  acid  :" 

I  On  heating  with  concentrated  hydrochloric  acid  to  140° — 150°, 

rahydroxybenzoic   acid  and  quinol   are  formed ;    it   dissolves 

men  heated  with  sulphuric  acid  with  evolution  of  carbon  dioxide 

1  formation  of  quinoidisulphonic   acid   (Hesse).     Phosphorus 

bloride  converts  it  uito  metachlorobenzoyl  chloride  (Grabe) : 

C,Hi,0(,  +  5PCI5  =  CjH.ClijO  +  5P0Clg+  8HC1. 

s  converted  by  the  animal  organism  into  hippuric  acid 
.autemann). 

i  whole  behaviour  of  quinic  acid  points  to  the  fact  that  it 
dongs  to  the  aromatic  addition -products.'  It  is  tetrabydroxy- 
ixhydrobenzoic  acid,  and,  since  it  is  optically  active,  must 
mtain  an  asymmetric  carbon  atom,  so  that  it  has  the  following 
iDstitution ; 

CO.H 
I 

CH 
/\ 
H,Cj       1CH.0H 


6H 


'  Koue,  Ann.  Chrm.  Fharm.  ciiv.  292. 
•  Giikbe,  ibid,  cxiiviii.  203. 
»  FittigandHillBbrand,  ibid,  cxciii.  197. 
'  Glabe,  Ann.  Clum.  Phann.  cxlvi.  88, 
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It  differs  from  quercitol  (Part  IIL  p.  194)  in  containing  a 
carboxyl  in  the  place  of  one  hydroxyL  A  different  formula  has 
been  proposed  by  Lieben,  who  found  that  quinic  acid  yields 
iodoform  when  treated  with  iodine  and  caustic  potash;  be 
therefore  assumes  that  its  constitution  must  be  expressed  hj 
the  following  or  some  similar  formula :  ^ 

HO.CH        CH, 

I]  I 

HO.C  CH.OH 

HO.CH CH.CO2H. 

TJie  Quinatcs.  The  salts  of  quinic  acid  are  for  the  most  part 
readily  soluble  in  water,  slightly  in  alcohol,  and  crystallize  well 
They  have  been  investigated  by  Baup,^  Woskrensky,  Hesse,  ami 
Clemm.^ 

Sodium  quinate,  CyHijO^Na  +  2H2O,  crystallizes  in  large, 
nacreous,  rhombic  prisms. 

Cleinm  was  unable  to  obtain  the  potassium  and  ammonium 
salts  in  crystals ;  their  solutions  only  gave  syrupy  residues  on 
evaporation  over  sulphuric  acid. 

Calcium  quinate,  {C^'Sli^0^j^2l  +  lOHgO,  forms  silky,  rhombic 
plates,  or  long,  concentrically-grouped  prisms,  which  dissolve  at 
1 0°  in  6  parts  of  water  and  are  insoluble  in  absolute  alcohol. 

Barium  quinate,  {G^lS.^fi^^dk'\-QHfi,  crystallizes,  according 
to  Henry  and  Plisson,  in  acute  octohedral  pvramids,  while  Baup 
always  obtained  it  in  dodecahedra  formed  by  the  combination  of 
two  pointed  pyramids,  and  Clemm  only  as  a  partially  crystalline 
mass. 

Lead  quindte,  {C^'^^fi^^h,  crystallizes  in  readily  soluble 
needles ;  ammonia  added  to  its  solution  produces  a  voluminous, 
hydrated  precipitate  which  has  the  formula  C^HgOoPbj,  after 
drying  at  200°. 

Silver  quinatCy  CyH^iOgAg,  forms  warty  crystals,  which  readily 
dissolve  in  water  and  blacken  in  the  light. 

Cojyper  qicinate,  {G^HnO^jCu  +  bll^O,  crystallizes  in  light 
blue  plates. 

Basic  copper  quinatc^Gj'H^QOQCn  +  ^Kfi,  is  obtained  by  boiling 
the  aqueous  solution  of  the  acid  with  an  excess  of  copper  oxide  • 

*  Ann.  Chem.  Pharm,  Suppl.  vii.  232. 

'  Jhid.  vi.  1  ;  Ann,  Chim,  Phys.  [2J  li.  66. 

•  Ann.  Chem.  Pharm.  ex.  845. 
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it  forms  small,  green  crystals,  which  are  only  slightly  soluble  in 
cold  water. 

JEthyl  guinate,  CgH7(OHQ^C02.C2H^  was  obtained  by  Hesse  by 
the  action  of  ethyl  iodide  on  the  silver  salt ;  it  is  a  viscid  mass, 
which  is  readily  soluble  in  water  and  alcohol,  and  has  a  very 
bitter  taste. 

JEthyl  Utra4xtylqu%nate,  CeH7(OCO.CH3)^CO.OC2H5,  is  formed 
by  boiling  the  ethyl  ether  with  acetic  anhydride,  and  crystallizes 
from  boiUng  water  in  plates ;  it  separates  from  ether  in  large, 
rhombic  crystals  which  melt  at  IBS'*,  and  sublime  without 
decomposition  (Fittig  and  Hilldebrand). 
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THE  XYLENE  GROUP. 

2ao8  It  has  been  already  mentioned  under  benzene  (Part  Tl-^- 
p.  66)  that  Mansfield  in  1848  discovered  that  coal-tar  naphtJ^ 
contains,  besides  benzene,  its  homologues ;  of  these  he  isolat^^ 
the  following  (C  =  6) : 

Boiliog-point. 

Toluol,  C^^Hg about      113^ 

Cumol,  Cij^Hij 143**— 145^ 

Cymol,  CjjoH,^ 170"— 172^ 

He  adds,  it  is  interesting  to  note,  "that  tar-oil  contains 
among  its  constituents  the  only  four  known  members  of  the 
series  Cg-hnCCgHg).  It  seems,  therefore,  not  improbable  that 
the  gap  which  still  exists  in  this  series  (n  =  5),  corresponding  to 
a  substance  whose  boiling-point  lies  between  those  of  toluol 
and  cumol,  will  be  filled  by  a  compound  to  be  obtained  firom 
tar-oil.* 

Soon  after  this,  Cahours  discovered  xylol  (ocylSne),Cfi^Q{G  =  12), 
boiling  at  128* — 130^  along  with  toluol  in  crude  wood-spirit 
(fi)\oi/,  wood),*  and  Volkel  found  the  same  hydrocarbons  in 
wood -tar.*  Church  then  stated  that  xylol  is  also  contained 
in  coal-tar  oil,  and  boils  at  126'2V  whereas  Eitthausen  ^  and 
Hiltenkamp  ®  could  only  detect  in  it  the  hydrocarbons  already 
discovered  by  Mansfield. 

Warren  de  la  Rue  and  H.  M tiller  then  showed  that  Rangoon 
tar  contains  benzol  and  its  homologues,  which  they  were 
unable  to  isolate,  but  recognised  by  conversion  into  their 
characteristic  nitro-compounds.^  Shortly  before  this  time, 
Bussenius  and  Eisenstuck  had  investigated  the  rock  oil  from 

*  Ahti.  Ch^n.  Pliarm.  Ixix.  162.  «  Ibid,  Ixxiv.  168  ;  Ixxvi.  286. 

•  Ibid,  Ixxxvi.  881.  *  PhU.  Mag,  [4]  ix.  256. 

■  Joum.  Prdkt,  Chem,  Ixi.  74.  «  Ann,  Chem.  Pharm.  xcv.  8Sr. 

7  Joum,  Praki,  Chem,  Ixx.  300. 
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»€iVnide  in  Hanover,  and  discovered  in  it  a  new  hydrocarbon, 
''liich  they  called  petrol,  C^Hj^,  its  existence  being  proved  by  its 
l^svracteristic  trinitro-derivative;^  and  Hugo  Muller  then  showed 
iisxt;  the  hydrocarbon  obtained  from  coal-tar  and  boiling  at  140* 
»  not  cumol,  but  xylol,  which  also  occurs  in  the  oils  from 
^larmah  and  Sehnde,  trini trope trol  being  identical  with  trinitro- 
y  lol.^  In  spite  of  this  Bechamp  repeated  the  statement  that 
:ylol  boils  at  126* — 130^  adding  that  coal-tar  also  contains  a 
new"  hydrocarbon  boiling  at  ISO** — 140°.® 

^Mansfield's  cumol  was  subsequently  proved  to  be  a  mixture 
>f  tjimethylbenzenes. 

^fter  Fittig  and  ToUens  had  made  the  important  discovery 
cilistt  the  synthetic  methylphenyl  or  methylbenzol  is  identical  with 
toluol,*  it  was  supposed  that  ethylphenyl  or  ethylbenzol  would 
V>o  identical  with  xylol.  This,  however,  was  found  not  to  be 
"the  case,  since  it  boils  as  much  as  7"*  lower  than  the  latter,  and 
does  not  yield  a  crystallized  trinitro-derivative. 

Seilstein  then  investigated  xylol  more  carefully  ;  he  fully  con- 
firmed Miiller's  observations  and  found  that  on  oxidation  with 
chx-omic  acid  it  yields  dibasic  terephthalic  acid,  CgH^O^.*  About 
tiiS.^  time  Fittig  prepared  methylbenzyl,  which  he  considered  to 
^  identical  with  xylol,  by  the  action  of  sodium  on  a  mixture 
of  \)romotoluol  and  methyl  iodide.^  He  also  found  that  ethyl- 
pl^^nyl  is  easily  oxidized  to  benzoic  acid  and  that  its  derivatives 
dX^  completely  different  from  those  of  xylol.^ 

dinzer  and  Fittig  then  undertook  a  careful  examination  of 

tX^^thylbenzyl,  or,   as  they  now   termed  it,   methyltoluol ;   like 

^ylol  it  yielded  terephthalic  acid  on  oxidation,  but  the  trinitro- 

d^Tivatives  proved   to   have   different  properties.®      A  further 

ix^vestigation  of  the  oxidation  products    of  xylol  showed  that 

toluic  acid,  the  next  homologue  of  benzoic  acid,^  is  first  formed, 

and  this  was  also  obtained  from  methyltoluol.    In  spite  of  this, 

liowever,  the  hydrocarbons  were  shown  to  be  different,  as  the 

properties  of  their  substitution  products  did  not  agree.^® 

Fittig  and  Velguth  then  obtained  a  third  isomeric  hydrocarbon, 
which  they  named  isoxylol,  by  heating  monobasic  mesitylenic 
acid,  C^H8(CHj)2C02H,  prepared  by  the  oxidation  of  mesitylene, 

*  Ann.  Chem.  Pharm.  cxiii.  161.         •  Zeitschr.  Chcni.  1864,  161. 

*  Cmnpt.  Rend.  lix.  47.  *  Ann.  Chnm.  Fharm.  cxxxi.  803. 

*  Ihid.  cxxxiii.  32.  •  Ihid.  cxxxiii.  47. 

y  IMd.  cxxxiii  222.  «  Ihid,  cxxxvi.  303. 

*  Yssel  de  Schepper  and  Beilstein,  ibid,  cxxxvii.  301. 
^®  Fittig,  Ahreos  and  Mattheides,  ibid,  cxivii.  15. 
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THE  XVLESES. 

of  concentrated  nitric  acid  and  two  or  tliree  voli 
the  ortho-  and  para-compounds  being  thus  oxidized 
mding  toluic  acids,  C,H,CCH^CO,H,  or  their 
while   tlie    meta- compound    is    scarcely  attacked. 
;he  evolution  of  red  fumes  ceases,  the  liquid  ia  distilled 
and  the  distillate  agitated  with  caustic  soda,  washed 
ater,  dried  and  distilled.' 

order  to  estimate  the  amounts  of  the  three  isomerides 
ilatively,  100  c.c.  of  the  crude  xylene  are  boiled  for  half 
ionr  to  an  hour  with  a  mixture  of  40  c.c.  of  nitric  acid 
gr.  14  and  60  c.c.  of  water,  the  whole  being  repeatedly 
ited.  The  unattacked  portion  is  then  washed  with  caustic 
and  distilled  with  steam,  the  dbtiUate  is  measured  and 
:en  up  with  15  vols,  of  concentrated  sulphuric  acid,  the 
utylene  being  thus  dissolved,  while  the  paraffins  remain 
nd  and  are  measured  in  a  graduated  cyUndcr. 
le  amount  of  paraxylene  is  found  by  thoroughly  agitating 
cc,  of  the  crude  xylene  with  120  c.c.  of  concentrated  sul- 
acid  fur  half  an  hour,  a  mixture  of  paraffins  and 
being  left  undissolved ;  this  is  then  treated  wi 
b1  volume  of  fuming  sulphuric  acid,  containing  20  per  cent, 
rioxide,  which  dissolves  out  the  paraxylene.  The  amouuts 
paraxylene,  metaxyleno  and  paraffins  are  thus  directly 
ksured,  the  difference  from  100  c/;.  being  that  of  the 
hozylene. 

h  this  way  Levinstein  ha*  found  in  various  samples  of  crude 
jliah  and  Scotch  xylene  :* 

Paraxylene 3 — 10  percent. 

Metaxylene 70—87 

Orthoxylene 2 — 15         „ 

Paraffins 3—10 

fording  to  Renter  these  methods  of  separation  are  not  accurate, 
nitric  acid  of  the  concentration  employed  also  attacks 
bnxylene,  and  paraxylene  dissolves  in  ordinary  sulphuric  acid, 
lough  to  a  much  smaller  extent  than  its  isomerides.  The 
Stance  of  the  xylenes  to  the  action  of  acids  is,  however, 
siderably  increased  by  the  presence  of  paraffins.' 

Titlig  Mid  Velciith,  Ann.  Chan.  Pluinn.   Kj.Wii\.  10  ;  T«wild«row,  ZHiMhr. 

n-.  1S70,  418  ;  Briickner,  Ber.  Veutach.   Chan.  Ua.  u.  405. 

Ibid.  iTii.  444.  '  Ibid.  ivii.  302S. 
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When  a  mixture  of  the  thcee  xvfimes  is  vSRaoat  iriua  cr:^iiDc 
ci^>ntAining  1  per  cent,  of  iixline,  they  ;ir^  ifin-verjeft  mw  ibr^icQi- 
V*romoxylen«i,  ^J^Br^rCH^:^  which  yiiiiiL  tin*  letniiraniiDctraiic 
Ar:irU  r^iiantitatively  whea  heacai  wick  ornniimi  ami  w%l3  to 


Sinc^:  t.h^:5*f:  can  reailily  be  aeparaceiL  nhe  •^:iiLp»:'«Tai:ci  •;£  iLc 
f>nginal  rnixtiirf;  can  be  determineii  in  thia  way.- 


THE  XYLENES,  OR  DIMETHTLBENZENES, 

3209  Orthr/xyleru,  (1 : 2),  was  first  pre|Are«i  pore  bj  the  (&- 
tilUtion  of  jiaraxylic  acid,  C^H^(CH^jCOJ3L  with  lime  ;  *  it  ia 
abv>  formefl  by  the  action  of  sodiam  on  a  mixture  of  ortho- 
bromot^iluene  and  methyl  iodide,'  and  when  a  hot  mixture  of 
uAiicxifi  and  aluminium  chloride  is  treated  with  methyl  chloride 
A  nxfiM  quantity  of  paraxylene  is  always  formal  in  this  reaction, 
Vt^iiihcr  with  still  If.'ss  metaxylene  and  a  lar^rer  amount  of 
tlMj  iHorrifjric  tri  methyl  benzenes."*  It  has  also  been  prepare*! 
frofri  cantharirlin,  Oj^jHjgO^,  which  is  the  characteristic  con- 
Mtitu<;fit  of  Spanish  flics,  and  yields  pure  orthoxylene  when 
lic;at(?(l  with  phosphorus  pentasulphide.* 

It  is  a  li(|ui(l  which  boils  at  142"* — 143^  solidifies  in  a  fieezing 
tnixtunj  to  crystals,  melting  at  —28®,*  and  is  oxidized  to  ortho- 
tolui(!  mrid  by  heating  with  dilute  nitric  acid,  while  chromic 
fM^id  pnwlucjiH  complete  combustion.  When  agitated  with  a 
boiling  solution  of  jK>tassium  permanganate,  however,  it  jields 
plithnli(!  iM:idJ  A  cold  mixture  of  nitric  and  sulphuric  acids 
converts  it  into  liquid  nitro-derivatives,  and  a  single  drop  of 
ortlioxylciK^  can  thus  bo  distinguished  from  the  para-  and 
niota-corn  pounds.** 

>  Krioih'l  mid  (Vfiftii,  Cmnpt.  rend.  d.  1218. 

■  hinlH^raiicI  KittiK,  j^nn.  Ch/;m.  Pharm.  clvi.  238. 

■  Ilil1>nnriui(l.liuiniiiich,  ibid.  olxx.  117  ;  Rcymann,  Bull,  Soc,  Chim.  xxvi.  5S2. 
*  .fnro1im*n,  Her.  Ikuhrh  Chcm.  Oen,  xiv,  2624. 

»  Vlvvnul  ihiil.  xii.  580. 

"  CoInoii,  Ann.  Chim.  Phya.  [6]  vi.  128. 

^  (MauNnnd  l'i»mzc('k,  Hrr.  DetUseh.  Chcin.  Ges.  xix.  3083. 

'  Jnoolwon,  ihUL  xix.  2018. 


Dihydro-orthoxyhne,  or  CiiiUhaitnc,  C^{CK^^  The  com- 
ponnd  C|oHijI,Oj  ia  fomiei!  by  the  actioa  of  hydriodic  acid  on 
cantharidiD,  and  ia  converted  into  cantharene  by  heating  with 
concentrated  caustic  potaeli;  the  latter  boils  at  I3-l>'',  smelis  like 
camphor  and  oil  of  turpentine,  rapidly  absorbs  oxygen  from  the 
air  and  is  oxidized  to  orthotoluic  acid  by  dilute  nitric  acid.' 

Metaxylene  (\  :  3)  may  be  obtained  pure  by  heating  xylic.acid 
C,Hj(CEy(COjH  (Bieber  and  Fittig),  or  the  isomeric  mesity- 
lenic  acid  (Fittig  and  Velguth)  with  lime,  and  by  the  action  of 
sodium  on  a  mixttire  of  methyl  iodide  and  meta-iodotoluene* 
It  boils  at  1 39  8°  and  has  a  specific  gravity  of  08780  at  0°,  and  of 
08660  at  15°;  it  solidifies  when  strongly  cooled  and  then  melts 
at  —  54*  to  —  53°.*  It  is  only  attacked  with  difficulty  by  dilute 
nitric  acid,  even  on  boiling ;  when,  however,  it  is  boiled  for 
several  hours  with  nitric  acid  of  specific  gravity  14,  diluted 
with  one  and  a  half  times  its  volume  of  water,  metatoluic  acid  ts 
obtained  (Heuter),  while  chromic  acid  solution  oxidizes  it  to 
isophthalic  acid,  which  is  also  formed,  together  with  metatoluic 
acid,  by  the  action  of  potassium  permanganate.* 

Metasylene,  as  already  mentioned,  occurs  in  various  tars  and 
petroleums,  and  it  has  also  been  found  in  that  from  the 
Caucasus*  It  forms  a  characteristic  trinitro-derivative,  which  is 
only  slightly  soluble  in  alcohol  and  yields  nitrodiamidometaxy- 
leue  {p.  409)  on  partial  reduction.  These  reactions  serve  to 
detect  small  quantities  of  metaxylene  in  petroleum,  &c. 

TetrnhydromelaxyUTu,  CjHg(CHj)^,  ia  formed  when  camphoric 
acid,  CgH,4(C0sH)j,  is  heated  to  200°  with  concentrated  hydriodic 
acid,"  and  baa  also  been  prepared  from  oxycamphoric  acid,  under 
which  it  will  be  mentioned.  It  is  a  liquid  which  boils  at  119°, 
and  is  converted  into  trinitrometaxylene  by  a  mixture  of  nitric 
and  sulphuric  acids. 

ITrjchydromrtaxyUne,  0(H,o(CH,)j,  is  obtained  by  heating 
camphoric  afiil  or  metasylene  with  hydriodic  acid  to  280°,  It 
occurs  in  Baku  petroleum  (Beilatein  and  Kurbatow)  and  in 
essence  of  resin  (Renard)  ;  it  boils  at  116° — 120°,  and  also  yields 
trinitrometaxylene  with  nitric  and  sulphuric  acids.' 

Paraxyhne  (1:4)  is  formed  by  the  action  of  sodium  on  a 


t 


'  Picpard,  Ber.  Deutaeh.   Chem.  Ga.  lix.  HOB. 

'  Wrolilcwaky,  Ana.  Ch&m.  Pharm.  cicii.  200.  '  Cobon,  toe.  cit. 

*  Clpius  Mid  Kunlurt,  B-.t.  IhiUiich.  CAmn.  Oei.  xii.  SOS*. 

*  Doroschonko,  xviii.  Het.  003  :  Hukownilioir,   ^nit,  Chem.  Phnrm.  caixx 

Wnnien,  Ajtn.  Chem.  Pluirm.  clxi;(Tii.  171.  '  IbM.  lAxxxwll.  IBl. 
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ruzrzr-.  r  nx^zry.  itKiidr  and  }Hnfafx>motoIuene  ^  or  paradi- 
rr  -  ;-ufcr:*^  -  1-  i»  lii*  s:  136* — 137".  and  has  a  specific  gravity 
>  i-  fc-  1*-T  ▼iftn.  sEransiv  ocKiled  it  solidifies  to  rhombic 
Tirse--  ^-*-^  -»-T?.r  iitxrT  Spar*  wiiich  melt  at  +  15°.  Dilute 
r-TT-  ji^ .  I.  j:2=^  r:  li-  pamohzic  acid,  while  chromic  acid  or 
Tsr^cte  ^L.  ^- — JLT^TiaA.  £7r*  ter^pihthalic  acid. 

?^-*- •    -.-Tr    .o-'Tzs  3.  'dir  pe'CTLiieiim  £ram  Galicia  along  with 

ii;  .  .•  -  ■  :  -ij^.  -^  '^*S»  ^^"^  T  ^  ohtained  by  heating  mono- 
ir.ci'  *"5^.  }c  r  -  .,^^  rcvV  ^TLfc  ixac  chloride  to  150" — 160^aIld 
J^  A  :  . ;.  .  >.t  -n-.j:  ic  I?^"!?*.  wiikh  is  converted  into  trinitropara- 


K:5:?Trrmox  products  of  the  xylenes. 

iii-  '-*»":-:  J.  .UK  ii3^.ca.  :c  iiravven  is  replaced  in  the  aromatic 
3  ii-  •:  ^.-N  -V.V  >i  i'-.K-n:  ,'*.cLic<;3ris  niav  be  fonned.  Metaxjlene 
7  •=■-•-:='  '-!-';r:  *  i:»:-i  jj>:  ijscii;;iTii5i>ed  as  symmetric  =  s,  asym- 
iin •"..-•,  =  J.  i_i«i  ic-iiotc*  rvr:«w  =  v.  Two,  asymmetric  =  a, 
i;:»:  y.  :•..-.  i:  =  V  ij^,  i-r.-r-'i  frccicrthv^xylene,  while  fKiraxylene 
-*-•.-    >  -L-.  >i.xj.  'i*is  tl-irvf:*^  i^xived  no  more  particular 


HALOGEN  SUBSTITUTION  PRODUCTS  OF  THE 

XYLENES. 

t'CY..  ^  -.t  \.y\H^,  C^R^CK^jCll : 2 : 3}.  is  formed,  together 
w:».h  :h-r  !■  r.'Aiiig  ovmpouud.  when  onhoxylene,  to  which  5  per 
cvut.  ...t  i> liiiv  tuvs  been  added,  is  treated  with  chlorine  at  0°.  In 
cnltr  to  s<].K.inAte  the  two  isomerides,  they  are  converted  into  the 
sulphouic  acids,  the  pure  Si^niium  salts  of  which  are  then 
dtxMmpjsed  by  heating  with  concentrated  hydrochloric  acid. 
Adjacent  chlororthoxylene  is  a  liquid  boiling  at  ISO'o**. 

(I'Chhrn^rthoxifUne  (1:2:4)  boils  at  1915**  and,  like  its 
isomeride,  remains  liquid  at  —  20^* 

»  Fittiff  and  Glinzer,  Ann,  Chcm.  Pharm.  cixxvi.  308. 

»  \.  Mty.'r,  Ber.  D,utsch.  Chcm.  Gts.  iii.  753  ;  Jannasch,  ibid.  x.  1356. 

B  i*''o  f.'i  *.t*^;  ^^'^^  ^^*^-  *  Palewski,  ibid,  xviii.  1915. 

R.  Schiff,  ibid.  xiii.  1408.  «  Kriiger,  ibid,  xviii.  1755. 
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The  chlororthoxylenes  are  converted  by  oxidatioD  into  the 
corresponding  chlorotoluic  and  chloi-ophthalic  acida. 

According  to  Clans  and  Kaiitz,  only  one  chlororthosylene  is 
fornaed,  which  boils  at  205°  and  yields  the  following  compounds 
on  further  chlorination ;  * 

Melting-  Boiling- 

Dichlororlhoxylene,  CjHjCIjtCHjJj,  point,  point. 

crj'sUlline  mass      .        ,         ,        .  +  3°  227° 
Trichlororthoxylene,  CflHCl3(CH,)2, 

lustrous  needles      ....  03°  265° 
Tctrachlororthoxylene,  Cb* 'l/CEj);, 

long  ueedles 215°  — 

a-adoromtittxyhiu:,  CaHa{CH^\CI(l :  3  :4),  ia  formed  when 
metasylene  is  chlorinated  at  0°  in  presence  of  iodine ;  the  cnide 
product,  which  distils  between  185° — 188°.  is  purified  by  con- 
verting it  into  the  sulphonic  acid  and  then  preparing  the  sodium 
salt  or  Morometaxylmeaulphamidf,  CaHj(SLtj.NH,)Cl(CHs)j, 
from  this.  The  latter  crystallizes  from  hot  alcohol  in  hard,  com- 
pact, lustrous  prisms  melting  at  195°,  Both  of  these  compounds 
yield  pure  chlorometaxylene  when  heated  with  hydrochloric  acid. 
It  boils  at  186"5°  and  does  not  solidify  at  -  20° ;  it  ia  oxidized  to 
chlorometatoluic  acid  by  chromic  acid,  while  it  is  converted 
into  ortho-homoparahydroxy benzoic  acid  by  fusion  with  caustic 
potasli.' 

Chlt/roparaxylcnc.  C^^{G'K^)^C\{'i  :  4 :  2),  is  obtained  in  a 
precisely  similar  manner  to  chlorometaxylene  ;  it  boils  at  186° 
and  solidities  in  a  freezing  mixture  to  a  crystalline  mass,  which 
melts  at  +  2°. 

Dtchlornjiaraxyhne,  CnHjCCHJjClj,  ia  only  slightly  soluble  in 
Keold,  readily  in  hot  alcohol,  and  crystallizes  in  flat  needles  or 
lates ;  it  melts  at  71°  and  boils  at  221°.' 

^a-BromorlhmyUnt,  C^^{Gii^^r{\ -.^'.i),  is  formed  by  the 
jct  bromination  of  orthoxylene  in  the  cold  in  the  presence  of 
,  no  isomeride  being  produced,*  and  more  slowly  when 
[omine  alone  is  allowed  to  act  in  the  dark,  orthoxylyl  bromide 
obtained  in  the  sunlight'  It  boils  at  314'5°  and  sohdifies 
)elow  0°  to  a  fibrous,  crystalline  mass,  melting  at  —  0'2°.  When 
>ated  with  ethyl  chloroformate  and  sodium  amalgam,  paroxylic 
I  Mid,  C,Hj(CH^,CO,H.  is  formed. 

'  Jatnhsen,  Btr.  DciUwA.  Chem.  lea.  x»iii.  1387. 

»  IbiU.  xriii.  iroo.  '  Kluge,  ibid.  xvm.  !OPB. 

*  JunUen,  ibid.  xvii.  2372.  *  Sutiramiu,  Md.  xviiL  1373. 
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The  following  compounds  are  formed  by  the  further  action  of 
bromine  (^Jacobsen): 

^o/fW  dLhronurrthoiryUn€,C^^{CH^JRT^  (1:2:4:  5), crystallizes 
from  hot  alcohol  in  large,  rhombic  plates,  which  melt  at  88";  it 
reutiily  sublimes  in  very  large,  thin  plates,  boils  at  278**  and  yields 
symmetric  tetramethylbenzene,  C^H^CCHj)^  on  treatment  with 
sodium  and  methvl  iodide. 

Liquid  diiromorthwryUne  boils  at  277*  and  solidifies  in  the 
cold  to  a  harvl  cryatiilline  mass,  melting  at  +  6*8°. 

Ti'trahr'-morthcxylaiey  Cg(CH3),Br^,  is  formed  when  orthoxylene 
is  allowed  to  drop  into  bromine  containing  1  per  cent,  of  alumi- 
nium bnnniile.  the  whole  being  kept  at  0^^  It  is  very  slightly 
s^>luble  in  alcohol,  readily  in  benzene,  and  crystallizes  in  longi 
lustrous  needles,  which  melt  at  262**,  or  according  to  Bliimleinat 

Jaci)l>seu  was  unable  to  prepare  tribromorthoxylene  pure. 

iX'Ihvf)h>md(i.ryU'ni\  C^^(CI{^^t  (1:3:4),  is  prepared  like 
the  ortho-ivniiXMmd;  it  is  a  liquid,  w^hich  boils  at  203* — 204^ 
auvl  is  convert ^h1  into  the  corresponding  bromotoluic  acid  by  oxi- 
dation,- while  xylic  acid  is  formed  by  the  action  of  carbon 
dioxiilo  and  s*.xlium.* 

S'lh'oiiiomdau'i/h'ne,  {I  :Z:o)yhaa  been  prepared  from  bromi- 
nated  nietaxylidine  by  the  diazo-reaction.  It  boils  at  204*, 
remains  liquid  at  —20**,  and  is  converted  into  symmetric 
diniethykthylbenzene  by  sodium  and  ethyl  bromide.* 

a-PihrooK  mtfan/lem\  C^H^^CII^^Bt^,  is  formed  when  meta- 
xvleno  is  allowed  to  stand  in  contact  with  an  excess  of  bromine 
for  twenty-four  hours,  the  liquid  being  kept  cool.^  It  crystallizes 
from  alci)hol  in  colourless,  nacreous  plates,  boils  at  255** — 256*, 
and  melts  at  72^*^ 

fi'Difronifwietaxi/lcne  was  obtained  by  Wroblewsky,  together 
with  his  monobromoxylene,  as  a  liquid  which  boils  at  252**  and 
does  not  solidify  at  —  20^ 

TctrahromometaxylcnCy  Q^iCK^fiv^,  is  formed  when  meta- 
xylene  is  allowed  to  stand  for  a  long  time  in  contact  with 
a  large  excess  of  bromine.  It  is  scarcely  soluble  in  cold, 
slightly  in  boiling   alcohol,   but   dissolves  readily   in   benzene, 

^  Bhimlcin,  Ber.  DeuUtch,  Chcm.  Gr^t.  xvii.  2492. 

^  Fitlig,  Anil.  Cfmti.  Pharm.  cxlvii.  31. 

'  Kekule,  ibid,  cxxxvii.  186. 

*  Wroblewsky,  ibid,  cxcii.  115. 

»  Fittig,  Ahrens  and  Mattheides.  ibid,  cxlvii.  24. 

«  Fittig  and  Bieber,  ibid.  clvi.  236. 


und  crystallizea  in   6ne  needles   which   melt   at   241"   (Fittig 
ami  Bieber). 

Bromoparojyfeiu!.  C^K^iCU^^Br  (1:4:  2),  ia  prepared  by  the 
jictioD  of  bromine  on  cooled  paraxylene  in  the  presence  of  iodine, 
and  is  also  formed  when  bromine  ia  allowed  to  act  alone  in  the 
iliirk  (Schramm).  It  is  a  liqnid,  which  boils  at  205*5°,  and  some- 
timea  solidifies  whon  strongly  cooled,  but  fretiuently  remains 
litliiid  until  a  crystal  of  the  solid  compound  boa  been  added,  when 
it  forma  plates  or  tablets,  melting  at  +  9°.^ 

Ihbromoparaayhne,  CgS^{CH^)iBT^  (1:4:2:5),  boils  at  2G1°, 
and  crystallizes  from  alcohol  in  large  plates  or  flat  needles, 
melting  at  75o°.  When  tliese  are  allowed  to  remain  in  the 
mother  liquor  they  are  converted  into  transparent,  asymmetric 
crystals,  which  closely  resemble  regular  octohedra  (Jacobsen). 
It  is  converted  into  symmetric  tetramethylbenzene  by  the  action 
of  sodium  and  methyl  iodide.* 

In  addition  to  this  compound,  a  liquid  dibromoporasylene, 
which  boik  at  260° — 264°  and  solidities  in  a  freezing  mixture, 
is  formed  in  small  quantity, 

A  tribroraoparaxylene  was    not  formed  when  the  necessary 

quantity  of  bromine  was  added,  the  following  substance  being 

obtained  together  with  the  preceding  compounds ; 

_       Tetrabromoparaxylen^,  Ca(CHj^jBr^,  is  very  slightly  soluble  in 

VBlcobol,  and  crystallizea  from  hot  toluene  in  long,  fine  needles, 

^melting  at  253*. 

( 

■  2211  v-Nitro-arthoxyhne,  Q^\yS^'S^)^Q^  (1:2: 3),  is  formed, 
together  with  the  following  compound,  when  orthoxylene  is 
treated  in  a  freezing  mixture  with  concentrated  nitric  and 
Bulphuric  acids ;  it  is  a  liquid,  which  boils  at  245° — 247°.' 

a-Nitro-oTihoxylene  (1  :  2  ;  4)  ia  almost  the  sole  product  when 
pare  nitric  acid  ia  employed  ;  it  crystallizes  from  alcohol  in  long, 

(brittle,  light  yellow,  lustrous  prisms,  melts  at  290°  and  boils  at 
880*.* 
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Dinitro-orihoxi/Une,  CaHg{CHj)^(NOj)j,  is  formed,  together 
with  the  following  compound  when  orthoxyleno  is  heated  foi 
a  considerable  time  to  100"  with  a  mixture  of  nitric  and  sul- 
phuric acids.  It  crystallizes  from  boiling  alcohol  in  long,  lustrous 
needles,  melting  at  71°. 

Triaitro-orthoxi/leTie,  CflH(CH3)iCN0^3,  forma  white,  lustrous 
scales,  which  melt  at  178",  and  are  almost  insoluble  in 
alcohol.^ 

v-NiiromeiajFi/hne  (1 : 3  : 2)  is  obtained  by  the  action  of  nitric 
and  sulphuric  acids  on  metaxylene  in  the  cold.^  It  has  been 
prepared  pure  from  the  corresponding  nitrometaxyhdine  b_y  the 
diazo-reaction.'     It  is  a  liquid  boiling  at  225°. 

a-Mtrmnrtaxylenc  (1:3:4)  is  formed  in  the  preparation  of 
the  precediug  compound,  and  in  preponderating  amount  wl 
pure,  well-cooled  nitric  acid  is  employed.     It  is  a  light  yel! 
liquid,  which  boils  at  238°  and  does  not  solidify  at  -  20V 

s-Ifilrom-etaxplaie  (1 : 3  : 5)  is  obtained  from  nitro-a-metax; 
lidine  by  dissolving  it  in  absolute  alcohol,  adding  two  molecule; 
of  sulphuric  acid,  and  then  treating  the  well-cooled  liquid  with 
twice  the  theoretical  quantity  of  ethyl  nitrite  in  order  to  prevent 
the  formation  of  the  diazo-amido-compound.  The  liquid  is 
heated  to  boiling  after  standing  for  some  time,  the  alcohol  driven 
off  and  tbe  remainder  distilled  with  steam. 

s-NUrometaxylene  boils  at  263°,  and  crystallizes  &om  alcol 
in  large,  flat  needles,  melting  at  74°— 75°,* 

s-DinUrmiulaxylcne,  0^^(CK^\(liO^^  (1:3:4:6; 
prepared  by  heating  metasylene  with  fuming  nitric  acid 
crystallizes  from  hot  alcohol  in  large,  fiat,  colourless  needles 
lustrous  prisms,  melting  at  93°.* 

v-Din.itromcta.ryknc  (1  ;3:4:2)  is  formed  together  with  its 
isomerides  when  xylene  is  nitrated  at  a  low  temperature  with 
a  mixture  of  nitric  and  sulphuric  acids ;  it  is  readily  soluble  in 
alcohol,  and  crystalUzes  in  scale-like  plates,  melting  at  83°.' 

Triniirimetaa-yUne,    CaH(CHj)a(NOj)a  (1:3:2:4:6). 
characteristic  compound,  which  has  been  previously  mentioi 

'  Droasliaeh.  Ber.  Tteitltrh.  Chtm.  Get.  lii.  S15fl, 

•  Noltiug  anil  Poral,  Bcr.  liealKk.  C/iam.  Oa.  xviii.  2068. 

•  Gl'BVirgk,  ibid.  ivii.  2430. 

•  Tnwildarow,  ZeilxAr.  Chan.  1870,  418;  HsmisGn,  Bvr   DrulaeA.Ckan.  6 
xiii.  ISbe. 

'  WroblowakT,  Ann.  Chem.  Fharm.  covit  91 ;  Tliiil,  Ber.  DeuUch.  Chem.  t 
zvfil.  399  ;  Niilliog  and  Forol. 

•  Fittic.  Ann.  Chnn.  Fhnrm.  cxlvii.  18  ;  cxlvui.  B. 
'  Grevrngk,  her.  Btutgch.  Ohem.  Ots.  xvii.  212M. 
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L  387),  is  formed  when  metaxylene  or  the  preceding  compounds 
I  heated  with  a  mixture  of  nitric  and  sulphuric  acida.  It 
■  scarcely  sohibJe  in  cold,  very  sliglitly  in  boiling  alcohol, 
crystallizes  in  fine,  flat,  colourless  needles,  melting  at 
"i 

mJfitroparaTiflene,  G^^(CH^^Oj,  is  obtained  by  allowing  the 
lat«d  quantity  of  fuming  nitric  acid  to  drop  into  well-cooled 
isylene.      It  is  a  yellow  liquid,  which  Loils  at  239°  and  does 

at  -  20°.* 
irDinitropararykjie,  G^^{QK^J^OX  (1  :  4 ;  2 : 6),  is  formed, 
tgether  with  its  isomerides,  when  parasylene  is  dissolved  in 
I,  fuming  nitric  acid.  It  crystallizes  from  alcohol  in  very  thin, 
3U8  needles,  melting  at  124°,  and  is  deposited  from  glacial 
c  acid  in  long,  broad  needles. 
i-Dinitroparaxyttae  (1:4:2:3)  is  more  readily  soluble  in 
iohol,  and  crystallizes  on  gradual  evaporation  in  monoelinic 
1,  which  resemble  crystals  of  calcspar,  and  melt  at  93°.* 
I  a  characteristic  property  of  these  two  nitroxylenes  that 
1  molecules  of  them  combine  to  form  a  double  compound. 
I  can  be  crystallized  from  glacial  acetic  acid,  but  is  de- 
mposed  by  alcohol  into  its  constituents.*  It  forms  transparent 
moclinic  prisms  with  sphenoid  faces,  and  melts  at  99o°. 

Unitroparaxylene  (1:4:2:5)  is  slightly  soluble  in  cold, 
lore  readily  in  hot  alcohol,  and  forms  long,  yellow  needles  with 
vitreous  lustre,  which  melt  at  147° — 148V 
I  Lcllmann  determined  the  constitutions  of  these  three  isomerides 
r  the  methods  already  described  (Part  III.,  p.  24,'i) ;  the  first 
ro,  which  are  formed  in  largest  quantity,  were  converted  into 
e  hydrochliiriJes  of  the  corresponding  diamines,  their  srjiutions 
raporated  with  aminonium  thiocyanatc,  and  the  residues  heated 
',  ground  up  with  water,  washed,  dissolved  in  caustic  soda 
\  these  solutions  heated  with  lead  acetate.  The  a-compound 
Fgave  a  precipitate  of  lead  sulphide  while  the  ^-compound  did 
lot,  and  was  thus  proved  to  be  an  orthoHi amine. 

!  then  prepared  the  free  o-diamidoparaxylene,  which  la  a 
rstalliae  mass,and  combines  with  allyl  mustard  oil  to  form  the 
mpound  C«Hj(CH3)j(NH.CS.NH.C3HJ,.  which  crystaUizes  in 

'  Lnhmniui,  Ann.  Ckem.  Fftarm.  cxWv.  27fl  ;  Fitti^,  }oe.  eit.  ;  Oreviiigk,  lot  eii. 
>  Juuutch,  Am.  Chem.  Pharm.  clzzvi.  55 ;  Nolting  and  Forel,  toe.  cit. 

*  Fittig  and  Olinifr,   Ann.   Chtm.  Pharm.  ciiivi.  307  ;  Fittig,  Ahrana  and 
HatthudcB,  ibid.  cxIviL  17. 

*  Jannueh  and  Stiinkel,  Ber.  DetUmh.  Chem.  Ga.  liv.  ]H6. 
1  Lcllmann,  Ann.  Chan.  Pharm.  ijuxiviu.  250. 
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small  needles,  melting  without  decomposition  at  112o°.  It  is 
theref*>re  a  metadiamine,  and  the  7-compoiind  must,  accordingly, 
contain  the  nitroxyl  groups  in  the  para-position. 

Trinitroparaxylenfi,  G^{CH^j,^0^^  (1:4:2:3:5),  may 
readily  be  prepared  by  nitrating  with  a  mixture  of  nitric  and 
sulphuric  acids,  the  whole  being  gently  heated  at  the  close  of  the 
operation.  It  crystallizes  from  alcohol  in  stellate  aggregates  of 
dazzling  white  needles,  which  melt  at  139"* — 140^^ 


XYLENESULPHONIC  ACIDS,  C^Hj(CH3)2SO,H. 

2212  Orthoxylcntsulphonic  acid  (1:2:4)  is  formed  by  dis- 
solving orthoxylene  in  tolerably  hot  sulphuric  acid.  It  crystal- 
lizes from  a  somewhat  dilute  acid  solution  with  two  molecules 
of  water  in  long,  rectangular  tablets  or  thicker,  flat  prisms  with 
pointeil  ends.  Its  salts  crystallize  extremely  welL  When  its 
potassium  Sc\lt  is  heated  with  sodiimi  formate,  paraxylic  acid  is 
foimeil. 

^dium  orthoxylcncsiilphonate,  CgH2(CH3)oS03Na  -f  5HoO, 
separates  from  a  concentrated  solution  in  flat  prisms,  the  size  of 
which  seems  only  to  be  limited  by  that  of  the  containing  vessel; 
they  soon  eftioresce  on  exposure  to  the  air. 

Orthorifkne^ulphcniic  chloride,  C^^{C¥i^^Oj^\,  crystallizL*s 
from  etlur  in  ]>rism3,  melting  at  51** — 52°. 

OrtJio.ryUncsulphonamide,  CgH3(CH3)2S02.NH2,  separates  from 
hot  alcohol  in  prisms,  which  melt  at  144^- 

(I'Mitaxyhnusuljyhonic  acid  (1:3:4)  is  formed,  together  with 
a  small  quantity  of  the  isomeric  compound,  when  metaxylene  is 
dissolved  in  sulphuric  acid.  It  separates  on  the  addition  of  a 
little  water  in  large  plates  or  prisms,  which  contain  two  molecules 
of  water.  Xylic  acid  is  formed  when  potassium  siilt  is  heated 
with  sodium  formate  (p.  391). 

Sodium  inctitxylcncsxdphonate,  CgH3(CH3)2S03Na,  crystallizes 
from  wat^T  in  scales,  and  from  alcohol  in  small  plates  possessing 
a  silver  lustre. 

a-Meta,i^le7iesitlpho7iic  chlondc  solidifies  in  the  cold  to  a  radiating 
mass,  or  to  prisms  which  melt  at  34°. 

^  Fittigand  GliDzor;  N biting  and  Geissmann.  ^rr.   DcuUwh.   Chnn.   OtA.    xix 
H4.  '  Jacobaen^  ibul.  x.  1010  ;  xi.  22. 
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a-Metaxylenesulphamide    cr}'stallize3     from     water    in     long 
luted  needles  and  melts  at  137°. 

x-Metaxykntau,lphonic  acid  (1:3:2)  has  not   been  prepared 

■e;  its  calcium  salt  when  heated  with  sodium  formate  yields 

[  xylic   acid,    which    decomposes    on    distillation    with  lime 

)  carbon  dioxide  and  metaxylene.     Its  chloride  is  an  oily 

nuid,    and    the    amide   crystallizes    in    needles,   melting    at 

^  -96.' 
I  Paraa^Uncsulphonic  acid  is  formed  when  paraxylene  is  dis- 
plved  at  a  gentle  heat  in  slightly  filming  sulphuric  acid.     It 
tallizes  with  two  molecules  of  water  in  large  plates  or  very 
t  prisms. 

I  Soiiinm  'paTcurylenesulplumate,  CgHj(CHj)jSOjNa  +  H^O,  crys- 
llizes  in  large,  flat,  striated  prisms,  which  do  not  effloresce  in 
e  air. 
I  PaTaxyUnew.lphonic   chloride  forms  Sat  jnisms,  which  melt 
I  24°— 26* 

m  Paraxylenesitlphainide  is  readily   soluble  in  alcohol,  slightly 
[  boiling  water,  from  which  it   crystallizes  in   splendid,  long 
idles,  melting  at  147° — -148°  (Jacobsen). 


HYDROXY-XYLENES,  OR  XYLENOLS, 
C8H3(OH3),OH. 

2213  After  Dusart,  Kekuli5  and  Wurtz  had  shown  that 
sulphonic  acids  are  converted  into  phenols  by  fusion  with  potash, 
the  last-named  of  these  chemists  applied  the  reaction  to  xylene, 
and  discovered  the  interesting  fact  that  this  hydrocarbon  yields 
two  isomeric  phenols,  a  solid  and  a  Uquid  xylenol.  This  iso- 
merism is  explained  by  him  as  due  to  the  different  positions  of 
the  bydroxyl  with  relation  to  the  two  methyl  groups.  "  This 
isomerism,"  he  adds,  "  could,  according  to  Kekulii's  beautiful 
theory,  also  exist  in  xylene  itself,  as  a  result  of  a  different 
arrangement  of  the  side  chains  in  the  nucleus."'  After  this 
Buppositiun  had  been  proved  correct  and  these  xylenes  were 
known,  it  was  seen  that  six  xylenols  must  exist,  and  these  have 

I  now  been  prepared.     Jacobsen  obtained  four  of  them  from 
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riu*  H'.ilphnnic  iciils  jnat  lieaexibefL^  ami  diii  "Twn  'iduas  assi^beeB 
prft parrel  from  nhe  xyliitine*  by  means  -it  'die  'fisian-rsairax.' 
iJkt^,  orchnarr  piienoL  nhev  reaiHlj  fiirni  3ibrniiii3-'i»arrisrr'=s. 

The  xyleniiis  rUsf)  •Kiciir  bo.  isoal-oucL  THieT  oat^  ai-t  ia- 
«i#=t#*il  beea  laolatal,  bui;  their  •ierivatt^ies  havKj  bi±t3L  prepttred 
from  If.. 

The  tar  ohnaineii  aa  a  by-prrHiuct  droixL  blsbiC  fiiTiidCies 
which  ar*^  workal  wixli  coal  seems  1*1  be  eapeciallT  nca  in 
xytenoisi ;  the  oreo«ote  oil  ixactii:>iu  b^iiliinr  as  ilO* — ±4</.  wbai 
riiAfilletfl  over  heateti  zinc  'insc  yieliieti  a  mT^r..irn.  ,yl  byirocazbcos^ 
which  conmatetl  chiedv  of  metaxrtene.* 

a'^Jrf.hriTylnhil  '1:2:4)  crmallizes  firom  hijc  wmter  in  tot 
Ion$(  needle  anri  from  ^rery  <iilTite  alizohol  in  rfa»3aLbie  pynmids; 
m^irin^  at  62*5'' ;  *  it  boila  at  ±25''  and  fijrms  an  ai:pieoQ5  soIiitioQ 
which  ii*  not  colofired  bv  ferric  cbloriiie. 

a'Tri^/rr/fn.r/rt}uyryUnrA,  C^Br^.'CHj^jOH.  crystalKzes  from 
alcTihol  in  fine,  snow-white,  matted  needles,  melting  at  169". 

v-Orthr/xyUnol  (1:2:3;  crystallizes  firom  water  in  white 
nef^llf;5i,  melts  at  75**  and  boils  at  218*^;  its  aqneoos  solatioD 
\fK  fjAoMTfA  bine  by  ferric  chloride,  bat  is  not  affected  by 
ViU;ar;h  i  ng-fiowder  solation. 

a-UdfLnjUnftl  ^1:3:4)  is,  according  to  Jacobsen,  a  strongly 
rcSnictivfi  liquid,  which  smells  like  phenol,  b^ils  at  211'5'  and 
}f('.(:(nu(:n  virfcid  at  —  20',  without,  however,  soli«lifying.  These  are 
aJHo  tho  prr>fi^;rtif;3  of  the  liquid  xylenol  discovered  by  Wurtz, 
whil^;  St;uh;l  and  Holz  showed  that  the  xylenol  prepared  from 
[>iir*;  a-met^ixylifline  solidifies  at  the  ordinary  temperature.^ 
JyicoliHfrn,  on  roinvestigation,  found  that  his  preparation  crystal- 
lized aft^^r  rfjjKiaterJ  cooling  or  on  the  addition  of  a  small  crystal* 
It  forrriH  white  nee^lles,  melting  at  26^  It  dissolves  slightly 
in  wat/;r,  yic^lding  a  solution  which  is  coloured  blue  by  ferric 
chloridfj ;  tlui  alcoholic  solution,  on  the  other  hand,  is  coloured 
n  Hpl(;ndid  dark  green,  which  passes  into  blue  when  water  is 
nddnd. 

n'MvlnxifUnyl  methyl  elher,  CgH3(CH3)20CH3,  is  a  liquid 
which  linH  a  faint  smell  resembling  that  of  benzene,  and  boils 
at  102". 

*  Iter.  DniLHrh.  Cfiem,  Ocs.  xi.  28. 

'  TI1..I,  ihiil.  xviil.  869,  2561  ;  Ncilting  and  Ford,  ibid,  xviii.  2668. 

"  Smith,  ('onttHftiid  Brothers,  Jonm,  Ch^n.  Soc.  1886,  i.  17. 

*  .liurolwii,  litr.  JhiUitch,  Chem,  Oe».  xvii.  161. 
"  lirr.  Ihulnch,  Chan,  Oes.  xviii.  2921. 

*  Ibid,  xviii.  3403. 


PARAXVLENOL. 


la-Mctaxytmyl    acetate,    CeH3fCH,)30.CO.CH3,    is    ft    liquid 
lling  at  S26°,  which  has  a  faint  odour  of  oil  of  bergamot. 

JlIulLiQg-pDUlt. 

^a-BromometaxjIenol,  CgHjBr.OH,  oily  liijuid  ...      — 
I  B-Dibromometaxylenol,  CgHjBrj.OH,  fine,  colourless  }    -go 

I  needles J 

I  ft-Tribromometaxyk-Dol,  CgHgBr^.OH,  long,  colourless  )  ,yq>. 
needles J 


I  v-Metaxylnwl  (1:3:2)  crystallizes  in  silky  plates   or   long. 
b  needles,  melts  at  74-5°,  boils  at  211° — 212°,  and  gives  no 
Uouration  with  ferric  chloride, 
Wv-TribTvmomeCaxyknol  crystallizes  from   hot  alcohol  in  long, 

it  yellow  needles,  melting  at  175°. 
I  S'MetaxyleTwl   (1:3:5)   is  deposited    from   solution  in   hot 
ir  from  subhmation  in  splendid  white  needles,  melting 
It  boils  at  21D5°,  and  gives  no  colouration  with  ferric 
blonde. 

f  e-TrihToniomelaxyltnol  crystallizes  from  alcohol  or  benzene  in 
Ve.  white  needles,  melting  at  166°. 

Parasryhnol  (1 : 4  : 2)  has  been  prepared  from  paraxylidine  ;' 
it  melts  at  74'5'',  sublimes  in  needles  at  a  slightly  higher 
temperature,  boila  at  2115'  and  crystallizea  from  hot  water  or 
very  dilute  alcohol  in  large,  flat  needles.  It  gives  no  colouration 
with  ferric  chloride.  The  solid  compound  prepared  by  Wurtz 
was  almost  pure  paraxylenol. 

Mtl  ting-point. 
Monobromoparaxylenol,  C^HjBr.OH,  colourless,  flex-  (     „-o 

ible  needles j 

Tribromoparaxylenol,     CgHgBrg.OH,    deep     golden  1,-.o 
yellow  needles ( 

The  great  similarity  existing  between  para-  and  v-meta- 
zylenol  is  somewhat  remarkable  (Jacobsen). 

A  xylenol  occurs  in  crude  creosote,  which  boils  at  220°,  does 
not  crystallize,  and  on  heating  with  potash  and  methyl  iodide 
yields  a  methyl  ether,  boiling  at  200°.*  This  substance  is  pro- 
bably a  mixture,  and,  fi'om  its  high  boiling-point,  would  seem  to 
consist  chiefly  of  a-orthoxylenol,' 

'  IToltiDg,  Witt  and  Foml.  Ber.  Dniinch.  Chem.  Ge>.  iviii.  2664. 

*  Hmnuse,   Ann.   them.   Fharm.  clii.  7G  ;  TJstnuin  and  MaiideUohn,  Jltr, 

he*.  C*cm.  Oh.  x.  57. 
P  BolUog,  Witt  ami  Fnrcl,  (bid.  iviii,  2664. 

I. — PABT  IV.  O  1) 
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R-.'bijuet.  bv  the  distaUmliQO  of  mloes  with  lime,  obtained  i 
li:^'ji  J  vLicb  be  called  oioijof.  This  sahetanoe  has  been  shown 
hy  Re-iiili*: >]d  u*  be  a  mixture,  the  pordoQ  atduble  in  alkalis  haying 
tbtr  c-itHiipcisitioii  of  a  xrlenoL^ 


DIHYDROXY-XTLBNES.  C^(CH,)j(OH)^ 

2214  Hom^frcxwc4^  or  Paraxflorcinol  (1:4:2:6),  was  obtained 
br  Stenbouse  from  Usmea  harhata  and  Cladonia  rangifemA 
and  oamt^i  br  him  ff-^xtsn^  a  name  which  was  sabaequently 
cbaxm€«i  bv  him  and  GroTcs  into  beta-oranoL  It  is  a  deoom- 
posdticHQ  prcduct  of  the  faarbalic  add,  Cj^^H^O^,  which  oocura  in 
these  licbens.^  Lamparter  has  snooeeded  in  obtaining  it,  together 
with  oncinoL  from  Bocella /ueifarmu} 

Its  cc»Dstitution  was  determined  by  Kostanecki,  who  prepared 
it  fr»m  a-nitropaiaxrlidine,  by  first  converting  it  into  nitroxylenol, 
re«iuciDg  this  to  amidoxylenol,  and  finally  pa«gng  from  this  to 
paraxylorcinol  by  means  of  the  diaxo-ieaction.^ 

It  is  less  soluble  in  water  than  ordnol,  and  is  deposited  in 
quadratic  crystals,  melting  at  163*.  It  possesses  a  slightly  sweet 
taste,  b:»i]s  at  277° — 280^  and  is  coloured  red  by  ammonia  in 
presence  c»f  air  more  rapidly  than  orcinol.  Its  aqueous  solution 
gives  >\*ith  ferric  chloride  a  light  carmine-red  colouration,  quite 
distinct  fr<»ni  the  purple-red  produced  with  orcinoL  Like  the 
latter  it  yields  a  red  solution  with  a  beautiful  green  fluorescence 
when  heated  with  chloroform  and  caustic  soda  (Kostanecki). 

Mtro-sajxiraxi/hrdnol.  C^H(CH,)2(0H)0(N0H),  is  formed  by 
the  action  of  nitrosyl  sulphate  (Part  III.  p.  171)  on  an  aqueous 
solution  of  paraxylorcinol,  as  a  lustrous,  orange-red  precipitate, 
which  crystallizes  from  glacial  acetic  acid  in  small,  lustrous,  red 
prisms. 

Mftaxylorcinol  (1:3:4:6)  is  obtained  firom  s-nitro-a-mets- 
xylidine.  It  is  readily  soluble  in  water,  has  an  acid  taste,  melts 
at  125°  and  boils  at  276''— 279^  It  crystallizes  from  chloroform 
in  brilliant  white,  monosymmetric  plates,  which  can  also  be 
obtained  by  sublimation.  No  red  colouration  is  produced  by 
exjx>sure  to  ammonia  and  air.® 

!  <!"?•  ^^^."*-  ^^«'*"»-  cxxxWii.  186.  5  Phil.  Trans,  1848,  68. 

'  n"^-  J;"^"';  ?®^-  *  ^*^.  cxxxiT.  243. 

'  Ber.  Di'Mtjich.  Chem.  Gcs.  xix.  2318. 

"  Pfaff,  ihid.  xvi.  611  and  1135  ;  Kostanecki,  toe  cU. 


TRlHYDROXY-XyLENES, 

ftGuodelach,  by  beating  chlorometaxyleneauljthouic  acid  ti> 
—250°  with  caustic  potash,  obtained  a,  dihydroxy-xylene 
bich  should  be  identical  with  metoxylorcinol,  aince,  according 
t  Jacobaen,  the  side  chains  of  the  Bulphonic  acid  have  the 
jflowing  arrangement:  CH3  :  CH,:  CI  :S0,H  =  1  ;  3  :4  ;6.i  It 
ailizea  in  microscopic  prisms,  which  arc  tolerably  soluble  in 
jitter,  melt  at  120°  and  are  coloured  Jeep  red  by  antmouiacal 

This  compound  is  probably  impure  metaxylorcinol, 
I  The  following  di hydroxy-xylenes  have  been  prepared  by  the 
iduction  of  the  xyloquinonea : 

wJ'arar!/loqiiinol,QTlfydrophloivnc{l  :4i  :2  :  5),  is  readily  soluble 
I  alcohol,  slightly  in  boiling  water  and  benzene,  and  crystallizes 
Inacreous  plates  or  tablets,  which  melt  at  210°  and  sublime  in 
|bg  needles.  It  reduces  silver  solution  and  is  re-oxidized  to  the 
a  by  ferric  chloride.  The  diethyl  ether.  CgHg(OC.Hg)j.  is 
med  by  heating  it  with  ethyl  bromide  and  caustic  potash ;  it 
1  lustrous  plates,  which  melt  at  105° — 106°,  and  have  an 
[our  resembling  that  of  peppermint  (Stiidel  and  IIolz). 
I  Mttaxyloguinol  {1:3:2:5}  sublimes  iu  needles  and  melts  at 

t  Orthoxyloqiiinol  (1:2:3:6)  crystallizes  from  water  in  crusts, 
ftiich  melt  at  221°  with  decomposition. 


TRIHYDROXY-XYLENES, 

aaiS  rriAjrfrKt^/meioJT^/oMr,  CgHCCHg)j(OH)s,  is  formed  by  the 
reduction  of  hydroxymetaxyloquinooe  (p.  404)  with  sulphurous 
acid.  It  is  tolerably  soluble  in  cold,  readily  iu  hot  water,  and 
crystallizes  in  colourless  or  yellowish  transparent  tablets,  con- 
taining a  molecule  of  water,  which  is  lost  at  80°,  the  anliydrous 
compound  melting  at  121° — 122°.  It  is  reduced  to  metaxylenc 
when  heated  with  zinc-dust.  Oxidizing  agents  readily  convert 
it  into  the  quinone ;  if  the  aqueous  solution  he  merely  allowed 
to  evaporate  in  the  air,  the  quinhydrone  crystalUzes  out  in  long 
iiee<lles  resembling  those  of  potassium  permanganate. 

Triai-4:torymaaxyletie,  CijHCCHJjCO.CO.CH,)^,  is  obtained  by 
the  action  of  acetyl  chloride,  and  crystallizes  from  alcohol  in 
colourless,  lustrous  prisms,  which  melt  at  99°,  and  sublime 
without  decomposition  when  carefully  heated. 


'  Btr.  DoilMh.  Chen 


'  JBuli.  Sm.  Ch.\m.  t.\.-*\<\.t,*&. 
B  T>  1. 
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THE  XYLOQUINONES,  C^U^CH^fi^ 

xzx6  Prtrytxifiofiutnone  (1:4:2: 5).  Rommier  and  BouilhoD, 
by  <3xidiziiig  the  fractiun  of  cmde  cresol  bc«liiig  between  195''— 
f!iO''  with  sulphuric  acid  and  manganese  dioxide,  obtained  two 
isomeric  <\uuiones^  C^H^O,,  and  gave  to  the  one,  which  is  formed 
in  liurger  *|^iuintity  and  melts  at  60** — 62",  the  name  rf  phlorooe, 
and  tx)  the  other,  melting  at  125^  that  of  metaphlorone.^  Accord- 
ing to  Gorup-Besanez  and  ▼.  Bad,  phlorone  is  also  fcMined  by  the 
oxidation  of  wood-tar  creosote.^  Nietzki  then  obtained  para- 
xyioi|^uinone  by  the  oxidation  of  cmde  xylidine  and  of  paradi- 
amidoxyiene  with  potaanum  dichromate  and  sulphuric  acid,  and 
tbund  that  its  properties  agree  with  those  of  metaphlorone ; ' 
Corstonjen  then  ^owed  that  phloxone  is  a  mixture  of  toluquinone 
with  paraxyio4|Tiinone,  and  that  the  latter  yields  paraxylene  on 
heating  with  zinc-dust^  It  is  best  prepared  from  paraxyUdine 
in  the  same  way  as  benzoquinone  from  aniline.^ 

Paraxyloquinone  is  only  slightly  soluble  in  water  and  cold 
alcohol ;  it  crystallizes  from  hot  alcohol  in  splendid  golden- 
yellow  needles,  which  melt  at  IfS'o'  and  readily  sublime. 

Orthoxi/lofpiirwne  (1:2:3:6)  has  been  prepared  from  v-ortho- 
xylidine  by  oxidation ;  it  is  slightly  soluble  in  water,  more 
readily  in  alcohol,  and  sublimes  in  yellow  needles,  which  melt 
at  55'^. 

MetaxyhqiLiaane  (1:3:2:5)  is  formed  by  the  oxidation  of 
V-  and  s-metaxylidine,  and  crystallizes  in  splendid  yellow  needles, 
melting  at  73\ 

Eydroxymetaxyloquinone^  C^H(CH3)2(OH)02,  is  formed  when 
diamidomesitylene,  CgH(GH5)3(NH^j,  is  distilled  with  potassium 
dichromate  and  dilute  sulphuric  acid.  It  crystallizes  from  hot 
water  or  ether  in  orange-red  needles,  has  a  characteristic  smell 
rcHembling  that  of  benzoquinone,  melts  at  103^  and  subhmes 
very  readily  in  splendid,  lustrous,  deep  golden-yellow  needles. 
Its  a^^jueous  solution  is  instantly  coloured  a  splendid  reddish 
violet  by  the  addition  of  any  alkaline  substance,  and  this 
reaction  is  so  delicate  that  the  slightest  traces  of  the  quinone 

'  i^ompt.  Rend.  Iv.  214. 

2  ZriOtrJir.  Chcm.  [2]  iv.  560  ;  Ann,   Chcm.  Pliarm,  cli.  158. 

*  J{rr.  DeutM-h.  Chem.  Ocs.  xiii.  470. 
<  .hnrrn.  Vr"   ''^-n.  [2]  xxiii.  421. 

•  ^i)ltin  ^.  IHvJj^K.  Qkc\n,  Gts,  xviii.  2668. 


AMIDOXYLENES. 

1  be  detected  by  it.  lusotuble  carbonatea  also  produce  this 
aLouration ;  thus,  if  a  0*1  per  cent,  solution  of  the  quiiione  be 
i&ken  up  with  calcium  carbonate,  the  colouration  produced  is 
I  deep  that  even  a  thin  layer  of  the  liquid  appears  quite 
;.  The  presence  of  calcium  carbonate  can  thus  be  shown 
>/  small  quaiititieB  of  mineral  waters ;  free  carbonic  acid 
!  not  affect  the  colouration,  so  that  the  quinone  forms  a 

e  indicator  for  alkalimetry. 
;  forms  salts,  which  readily  decompose  on  warming  or  on 
e  to  the  air  in  presence  of  an  excess  of  the  base.  The 
sium  salt,  CgHj(OK)Oj,  crystallizes  from  hot  alcohol  in 
1,  black  needles,  1  mgrm.  of  which  is  sufficient  to  impart  a 
i  colour  to  a  litre  of  water.' 


AMIDO-DERIVATIVES  OF  THE  XYLENES. 

The  Amidoxylenes,  oh  Xylidines,  CaHjj(CHj)jNHj. 

aaiy  Cabours  gave  the  name  of  xylidine  to  the  homologue  of 
toluidine  and  aniline  which  he  obtained  from  his  xylene  (p.  386), 
by  nitrating  it  and  submitting  the  nitroxylene  forme<i  to  reduc- 
tion.    This  substance  aud  the  xylidine  obtained  by  Church  in 
the  same  manner  was  obviously  a  mixture  of   toluidines  and 
xylidines,   while   that  prepared   by   Deumelandt   from   xylene 
boiling  at  140°  consisted  chiefly  of  a-metaxylidine,  as  was  also 
the  case  with  that  prepared  by  Hofmaun  and  Martius  by  beating 
paratoluidine  hydrochloride  to  300°  with   methyl  alcohol.     It 
only  became  possible  to  obtain  the  six  xylidines  after  the  three 
xylenes  had  been  obtained  in  the  pure  condition  and  the  six 
nitroxylenes  prepared  from  these.     A  mixture  of  them  is  manu- 
[  fitctured  on  the  large  scale  from  tar-sylene,  and  the  purity  and 
■  oomposition  of  commercial  xylidine  is  therefore  dependent  on 
ftbat  of   the   latter.     Specimens   now   come  into   the    market 
Leontaining  as  much  as  25  per  cent,  of  paraxylidine  in  addition 
I  to  ordinary  metaxylidine.* 

The  commercial  product  is  employed  in  the  manufacture  of 
fcazo-colours  and  of  the  cumidines,  CgHg{CH3)gNHj,  which  are 
r  obt^ned  by  heating  the  hydrochlorides  with  wooil-spirit. 

'  Fittig  and  SieiKHiniiiii],  An«.  Clicm.  Pharia,  obixi.  S7. 
•Nblting,  Witt  mid  Fon-l,  Ber.  Dciitach.   Ckcm.  Ocs.  iviii.  2fl6J  ;  Sladal  nod 
I  HiiU,  itnd.  iTiii.  Mia. 


tf:^ 


zTffnnixniTTisxsi.^iitt  iitmicumniirjaiixTtisBfti  TasaoBii  to  dibniiiMh 
rruiinh.  uui  lu*  inimiiitt  !ani]«9t  ay  'snacKieHi  vhih  aodivm 
vnaupm  imi  vacefi-  Ec  s  &  jinnii  -nnsL  fe«k  at  223°;  hi 
!iy/trnr.niijri[e  :5  'xuefamv'  «»■»>■■   3l  'veioeE^  aad  ciritaDueB  in 

one  b^nzMift  ji  Ttmfe  !ieeitlfi&  nusSbav  sc  IM*.^ 

^'j^iuii^iidi'sui  1:1.4  Qui&i  ac  -td^  ami  boik  at  236*.  It 
m  ^.if^nbL^  winbie  in.  hiic  ifaSKn  riifnT  in  atfoakiL  and  cnrslil- 

from  «iUiniiiL  m.  ^mnffgaraiiL  vifiRfnv  tiMpfg..  vbile  it  maj  be 
ohrAizieii  bf  'JiK  zEni^ial  ev^xxciuiL  of  iis  peadeom-etber 
r^Xwvuii^  in  nhicfc.  mmnyfTnii*  ctti^Lil  Ita  ^ijneiOQs  soliitioii  is 
nr/t  <!:.ij^iir^i  bj  bLesciiixM;  p>wTih£r:  m£  aofanioiB  of  its  salts 
^Affiif  pin<?-vooii  aa  inceoae  tcDhv. 

The  hjIroohLjniie  b  rcatiilT  aobible  in  vat^-,  but  only 
rii^idj  in  hjdiocblfjnc  add.  azhi  crrssalliaes  with  one  molecale 
fA  w%r>^  in  long,  Terr  thin  pnaoa. 

a-A^JtUyrtkr/nflidM  Grratalliaes  firom  hot  vater  ooDtaining  a  little 
akohol  in  long,  thm.  Titrecos  prisais,  which  melt  at  9d\ 

The  base  i§  convened  by  the  diazo-reactioQ  into  a-ortho- 
xyUinoL* 

t'M€larylidin4  (1:3:2)  was  first  obtained  by  Schmitz  b; 
hfAting  /3-aimdomeffltylenic  acid,  QJBL^(m;:^'y^COJS.,  with 
Wuih}  Grevingk,^  and  Nolting  and  ForeU*  then  prepared  it  from 
v-nitrornctaxylene.     It  is  a  liqmd  boiling  at  214^ 

ItN  hydrochloride  crystallizes  in  thin,  anhydroos,  monoclinic 
plftt^^s,  which  are  readily  soluble  in  water. 

V'Acdrrutaxylide  crystallizes  fit>m  benzene  in  white  needles, 
which  molt  at  176  8^  It  is  not  attacked  by  caustic  potash 
mAnium,  sulphuric  acid,  or  hydrochloric  acid,  on  heating  in  an 
o|M3ri  vc;mm:I,  but  is  decomposed  by  the  last  of  these  at  150^ 

a-McUtxylidine  (1:3: 4)  has  been  known  for  a  longer  period 
than  any  of  its  isomerides  and  is  therefore  also  called  ordinarj 
triotaxylidine.  It  is  formed  by  the  distillation  of  a-amidomesity- 
hsiiic  a<:i(l  with  limo  (Schmitz)  and  by  the  reduction  of  a-nitro 

>  Tliol,  Urn:  DeutMch,  Chem,  Ges,  xvili.  2561  ;  Wroblewsky,  ibid,  xviiL  2904, 
xlx.  2B6  :  .lacolMHm,  ibid,  xviii.  8166. 
*  Nolting  AtKl  Kor«l,  ibid.  XTiii.  2668.     *  Jaoobsen,  ibid,  xyil  169. 
<  Ann.  Chnn.  Pharm.  cxciit  877.  "  Ber.  Deuttch.  Ckeni.  Gea.  xrii.  2422. 

«  Ihid  iviii.  2676. 


[JDINES. 

etaxylene.'  It  may  also  be  readily  obtained  from  commercial 
rlidine  by  converting  this  into  the  hydrochloride  and  purifying 
r  re-crystallization.  In  order  to  obtain  it  perfectly  pure,  the  acet- 
dide  is  prepared,  purified  by  re-ciyatallization,  and  decomposed 
itli   sulphuric  acid.      The  other  xylidine  can   also  be   easily 

jned  pure  in  this  way.  It  is  a  liquid  boiling  at  212'. 
The  hydrochloride  is  only  slightly  soluble  in  cold  water,  and 
fstAlUzes  in  anhydrous,  rhombic  tablets;  the  hydrobromide 
ystallizes  even  better,  forming  splendid  prisma  {Stiidel  and  Holz). 
a-Acetmetavylide  crystallizes  from  benzene  in  white  netsdlea 
siting  at  129° ;  impurities  cause  a  considerable  lowering  of  the 
siting-point, 

B-MctcLTiflidinc  (1:3:5)  is  obtained  by  the  reduction  of  the 
rresponding  nitroxylene  ;*  it  is  a  liquid  boiling  at  220'.  Its 
rdrochloride  and  nitrate  crystallize  in  large,  anhydrous  needles; 
66  parts  of  the  latter  dissolve  in  100  parts  of  water  at  13°. 
t-Aeetmetojcylide  crystallizes  from  alcohol  in  large,  flat  needles, 
siting  at  I40-5^ 

Faraxylidine  (1 : 4 : 2)  may  be  prepared  in  the  usual  way  by  the 
duction  of  nitroparaxylene,*  and  also  from  commercial  xylidine ; 
e  latter  is  run  into  fuming  sulphuric  acid  containing  sufficient 
Loxide  to  convert  the  bases  into  sulphonic  acids,  the  mi.^ture 
ling  well  stirred  and  then  heated  on  the  water-bath.  The 
ilution  is  allowed  to  cool  and  the  solid  mass  pressed  under  water 
separate  the  metaxylidinesulphonic  acid  in  the  crystalline 
te.  The  sodium  salt  of  paraxylidinesul phonic  acid  is  then 
spared  from  the  mother-liquor  by  neutralizing  it  with  lime, 
tering,  removing  the  cjilcium  with  carbonate  of  soda,  and 
Dccntrating  the  filtrate.  It  separates  in  splendid,  nacreous 
!it«8,  which  are  freed  from  any  adhering  traces  of  the  readily 
luble  salt  of  the  metaxylidinesulphonic  acid  by  wasliing  with 
little  cold  water.  Pure  paraxyliJine  is  then  obtained  by  the 
y  distillation  of  the  salt.* 

It  is  a  liquid  boihng  at  215°;  its  hydrochloride  and  nitrate 
ystallize  in  flat  needles  or  large  tablets,  and  the  sulphate,  which 

ia  only  slightly  soluble,  forms  small  plates. 

Acetparaajylide  crystallizes  from  hot  water  or  toluene  in  long 

lustrous  needles,  melting  at  139°. 

'  Tawildarow,  HeiHekr.  Chem.  1870,  *ie";  Niilting  and  Forel,  loe.  cU. 
<  Wrablevsky,  Ann.  Chcm.  Pharm.  ocvii.  8G  ;  Thiil,  Bcr,  DatUck.  Chan.  OfS. 
zriiL  ilSB  ;  NoMugand  Korel.  loc.  tit. 
'  Sohaumann,  Btr.  Dcu.txh.  Chnn.  Gfi.  %l   1537  :  Niilting  and  Fon-1.  ibid. 
k>]cniL  aasu.  *  Nolting,  Witt  kA  VwA,  i 


Xiholic  ammonia.     It  crystallizes  from  gl.-u-ial  acetic  acid  in 
V  needles,  which  melt  at  20^° — 203",  and  are  converted  by 
e  diazo-reaction  into  a-dinitroparaxylene,' 


DIAMINES  AND  TRIAMINES  OF  THE 
XYLENES,  CflH,(CH3)g(NH,J;. 

W^aiQ  a-IHamid(ymdaxyUne,  CJl^iCB^,  (NHj),  (1  r  3  :  4  ;  5),  is 
med  by  the  reduction  of  a-nitro-a-metaxyliJine,*  and  ainido- 
-a-metaxylene.''    It  crystallizes  from  hot  benzene  in  small, 
hite  plates,  which  melt  at  77° — 78°,  and  are  readily  soluble  in 
»hol. 
I  »~I)iamido7ncta:ryUne   (1    3:4:6)   has   been   prepared    from 
aitrometaxylene  and    the   corresponding  nitroxylidene ;    it 
iblimes  in  white  crystals,  melting  at  I04^ 
I  v-Diamidometaxyle7ie  (1:3:4:2}  sublimes  in  white  needles 
i  melts  at  64°. 

:  reduction  of  trinitrometaxylene  with  ammonium  sulphido 

i  was  first  described  by  Bussenius  and  Eisenstnck  as  nitro- 

Stroldiamine  (p.  387).     It  is  slightly  soluble   in   cold,  more 

tdily  in   boiling  water  and   readily   in  alcohol,   from   whii-h 

)  crystallizes  in  lustrous,  ruby-red  prisms,  an  inch  in  length, 

tich  melt  at  212°— 213".* 

i  Triamidometaanflme,  C^iQB^^i^'R^t  (1:3:2:4:6),  has 
1  obtained  by  reducing  trinitrometaxylene  with  hydrochloric 
cid  and  stannous  chloride ;  it  crystallizes  in  white  needles,  which 

sompose  at  about  140°  without  melting. 
'  Diamidometaxylene  contains  the  amido-groups  in  the  ortho- 
)8ition,  and  gives  all  tho  characteristic  reactions  of  the  ortho- 
nines  (Nblting  and  Forel) ;  the  two  other  diamidomcta- 
^lenes  are  metadi amines,  and  therefore  yield  azo-dyes  when  their 
jydrochlorides  are  treated  with  sodium  nitrite,  as  does  also 
tiamidometaxylenc.  The  colour  prepared  from  v-diamido- 
letaxylene  dyes  silk  reddish  brown,  that  from  s-diamidometa- 
cylene,  yellowish  brown,  while  the  derivative  of  the  triamine 


'  (Jolting  «nd  Geiasmntin,  Srr.  DmUek.  Cliem.  Ocs.  xv. 
'  Hofmiuin,  ibid.  ix.  1298, 

•  NiiUing  and  Forel,  ibid,  jiviii.  3683. 

*  f'Mig  uid  Veigutii,  Ann.  CItem.  Pharm,.  cxlviu.  Q. 
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produccf^  a  grey  shade  of  olive.     Witli 

aoid,  on  the  other  hand,  the  ▼-diamiiie  giv€9  a  light  yeDnvioh  mi 

crtloiiring  matter,  while  that  firom  the  g-itiiunrne  is  darker 

that  from  the  triamine  a  dark,  red-black.     The  shades 

on  dilk.  however,  are  in  the  inverse  relation ;  the  li^testcofaxirel 

dye  givf'ii  the  darkest  shade,  then  follows  that  of  the  s-diaimBe, 

while  the  siibfttance  prepared  firom  the  tnamine  dyes 

pure  golden  yellow.* 

arlHamidoparaxykw,  C^B^CH^J^SB^^  (1:4:2:6), 
in  white  needles,  melting  at  lOl'S* — 102'o^;  its  hj^ixodUaoit 
givim  a  brown  colouring  matter  with  sodioni  nitrite;  it  bam 
chrysoidines  with  diazo-salts  and  a  dye  analogoaa  to  tofaifkBe- 
blue  (p.  82)  with  nitrosodimethylaniline. 

/3-I}iamulfrparaxyUne  (1:4:2:3)  saUimes  in  small  needier 
molting  at  To** ;  sodium  nitrite,  added  to  the  aolotioQ  of  its 
hydnKThlorido,  precipitates  an  azimido-compoand  (Part  IIL 
p.  270),'  while  ferric  chloride  produces  a  deep  red  coIooiatiiiiL 

y'I>ifimul(fpararylene  (1:4:2:5).  Nietzki  prepared  thisoom- 
{KKind  by  the  action  of  zinc  and  hydrochloric  acid  on  the  amido- 
nzoxyleno,  (^gHg(CH3)^N^C^H,(CH,)jNH^  prepared  firom  com- 
mercial xylidine.*  Ndlting  and  Forel  then  obtained  it  from 
arni(]o-azo|>araxylone,  and  showed  that  Nietzki's  compound 
conHinU  of  atnido-azometaparaxylene.^  It  is  also  formed  by  the 
ro<ln(;ti()n  of  y-nitroptiraxylidine.  It  is  slightly  soluble  in  cold, 
ntfuHly  in  hot  water  and  alcohol,  but  less  readily  in  benzene, 
from  which  it  cryntaliizes  in  white  needles,  melting  at  1465° — 
147^     It  yields  paraxyloquinone  on  oxidation. 


XYLYL   COMPOUNDS. 

aaao  When  au  atom  of  hydrogen  in  the  methyl  group  of  one 
of  tho  xylenes  is  replaced  by  another  element  or  radical,  com- 
jKiunds  of  tho  monovalent  radical  xylyl,  CH3.CgH4.CH,,  are  ob- 
tained ;  this  radical  has  also  been  called  tolyl,  because  the 
monobasic  acids,  CHj.CjH^.CGjH,  which  correspond  to  the 
xylyl  alcohols,  CHs.CoH^.CHj.GH.  and  which  decompose  into 
toluonu  and  carbon  dioxide  when  heated  with  lime,  have  received 

'  Oroviiigk.  Ber.  DntUrA,  Chem,  Oai.  xvii.  2442. 

«  Niiltinff  and  GoiiwmiinTi,  ibid.  xix.  144. 

•  Ibid,  xlii.  470.  <  Ibid.  xvuL  2686. 


le  Dame  of  toliiic  acids.  The  term  tolyl  has,  however,  been 
applied  to  the  group  CjHj.  and  it  is  therefore  preferable  to 
isignate  the  derivatives  of  the  xylenes  as  xylyl  compounds.' 

The  use  of  this  term  is  open  to  the  objection  that  the  acids, 
!!IHg)4CgHj.C0jH,  are  called  xyiic  acids,  because  they  stand  to 
^lene  in  the  same  relation  as  the  toluic  acids  to  toluene  and 
^QZoic  acid  to  benzene.^ 

In  order  to  avoid  this  confusion  of  terms,  it  has  been  proposed 
1  give  tlie  name  of  tolyl  to  the  group  CH5.C„H(  and  to  desig- 
ite  the  xylyl  alcohols  according  to  Kolbe's  nomenclature  as 
ilyl  carbinols,'  the  toluic  acids  being  called  tolylformic  acids. 
i  the  sequel,  however,  the  names  which  are  in  general  use  will 
a  retained. 

Chlorine  acts  upon  boiling  xylene  in  the  same  way  as  on 
tluene,  substitution  taking  place  in  the  methyl  group.  The 
rat  xylyUcompounds  were  obtained  from  tar-xjlene,  but  they 
ave  now  been  prepared  from  the  pure  hydrocarbons.* 

Bromine  acts  on  the  xylenes  at  the  boiling-point  in  a  similar 
lanner ;  *  an  energetic  reaction  also  takes  places  in  the  sunlight, 
le  first  product  consisting  of  a  mixture  of  xylyl  bromides.* 


XYLYL  ALCOHOLS.  CH,.CuH,.CH,.OH. 

OHhoxylyl  alcohol  was  prepared  by  Raymann  by  the  aetion  of 
idium  amalgam  and   water   on   orthotolualdehyde,  which   he 

i  prepared  from  the  chloride,     It  is  slightly  soluble  in  water, 

idily  in  alcohol,  and  crystallizes  in  needles,  melting  at  54°. 
Lccording  to  Colson,  who  prepared  it  by  beating  the  bromide 
irith  water,  it  melts  at  Si^"  and  boils  at  217°.' 

Metaxylyl  alcohol  baa  been  obtained  both  from  the  acetate 
nd  bromide ;  it  is  a  liquid,  which  boils  at  215°  and  has  a  faint 

OUT. 

MdojT/lyl  ethyl  ether.  Cn^.C^^.C15.^.0.C^\{^,  is  a  liquid  and 
boils  at  202°. 

'  JaKrtsh.  CJum.  1S66,  605. 

'  Kekule,  .^bti.  Chtm.  Pkarm.  CMXvii.  IBfl. 

*  Beil^teui,  Org.  Chem.  1084. 

'  Raynmiin,  Bull.  SiX.  Chim.  xivi.  632  ;  iiyiL  198  ;  QnndBlicli,  itiri.  xxvi.  4S. 

>  Radziuewski  »uii  Wispek,  Bcr.  Dcuiiich.Clitm.  Oa.  nv.  1743  ;  xviii.  1279. 

■  Scbnmm,  ibid,  xviit.  1272.  ^ 

'  Colaon,  Bull.  Soe.  Chim.  uliii.  6  ;  Ann.  Ckim.  Pltyn.  [^\  vx.  \\5.  ^M 


Mdaxylyl  acttale.  CHyC^H,  CHjO.CO.CHj.  was  prepared  by 
Volrath  by  heating  the  chloride  obtained  from  tar-xylene  with 
silver  acetate.'  Radziszewski  and  Wispek  then  prepared  it  from 
th(3  pure  bromide.  It  iaahquid  which  boils  at  226°  and  pof 
an  aromatic  odour  resembling  that  of  apples. 

Paraa^lyl  alcohol  was  obtained  by  Cannifizaro  from  paratolo*: 
aldehyde  by  the  action  of  alcoholic  potash,  and  was  named. 
toluenyl  alcohol.  It  crystalhzes  in  white  needles,  and  is  slightly 
soluble  in  cold,  more  readily  in  hot  water,  from  which  it  sepa- 
rates in  oily  drops  which  solidify  to  fine  needles,  melting  tt 
58'5° — 59'5°  and  boiling  at  217°,  Hydrochloric  acid  converts  it 
into  the  liquid  chloride,* 

Paraayylyl  eihyl  ether  is  a  liquid  which  has  a  aimilar  smell  to 
benzyl  alcohol  and  boils  at  203°  (Badziszewski  and  Wispek). 

Xylyl  chlorides,  CHj.CgH,.CHjCl.  These  compounds  are  colouis 
less  liquids. 

Mdling-        Boiling- 
poinL.  poiDt. 

Orthoxylyl  chloride —       lOr— 199^ 

Metaxylyl  chloride —       195°— 196' 

Xylyl  bromides.  CH^.€^U^.CK^Bt. 

Orthoxylyl  bromide,  rhombic  prisms  21°  216° — 217" 

Metaxylyl  bromide,  liquid    ....  —  212° -216° 

Parasyiyl  bromide,  long  needles  .    .  35-5  218° — 220° 


XYLYLAMINES, 

These  have  been  prepared  by  heating  the  xylyl  chloride  ( 
tar-xylene  with  ammonia,'  and  are  therefore  more  or  less  j 
meta-com  pounds. 

Monoxylylamine,  CHg.CgHj.CHj.NHj,  is  an  oily,  alkaline  liqni 
which  boils  at  196°  and  smells  strongly  of  herring  brine  ;il 
hydrochloride  is  readily  soluble  in  water  and  alcohol,  ai 
crystallizes  in  needles, 

Dixylylaminc,  (CHg.C(,H^.CHg)iNH,  is  a  similar  liquid,  whi 
decomposes  above  210° ;  its  hydrochloride  forms  white  needh 
which  are  only  slightly  soluble  in  cold,  readily  in  hot  water  a 
alcohol. 
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TrLrylylamiw,  (CHj,C(H,.CHJ,N,  is  a  thick,  colourless  oil. 
,  which  has  a  characteristic  odour  and  a  faint  alkaline  reaction, 
fr  The  hydrochloride  crystallizes  in  loose  groups  of  needles,  which 
I  are  iosotuble  in  water,  hut  slightly  soluble  in  cold  and  readily 
I  in  hot  alcohol  It  decomposes  iuto  xylyl  chloride  and  dixylyl- 
I  Biniae  hydrochloride  when  heated  in  a  current  of  hydrochloric 
|,ficid  ga& 


THE   TOLUALDEHYDES. 

2221  Chromyl  chloride  comhines  with  the  xylenes,  as  with 
I  benzene  and  toluene,  to  form  compounds  which  are  decomposed 
I  by  water  with  formation  of  the  tolualdehydes.* 

3CH,.C,H,CH(OCrClj.OH),+3H,0  = 
3CH,.CgH,.CHO  +  2CrO,+Crj(OH)n  +  6HCI. 

Orthololvaldehyde  was  first  prepared  hy  boiling  orthoxylyl 
chloride  with  water  and  lead  nitrate  ;  it  is  a  yellowish,  strongly 
refractive  hquid,  which  smells  like  benzaldehyde  and  boils  at 
200*.* 

Metatolualdfhydf  has  been  obtained  in  a  similar  manner  from 
metaxylyl  chloride ;  °  it  possesses  a  similar  smell  and  boils  at 
199°.  It  combines  with  phenylbydrazine  to  form  mcttuyli- 
denekydrminf.  CHg.CaH^.CH.N2H.C'jHj,  which  crystallizea  from 
alcohol  in  thick,  yellow  prisms,  melting  at  91°. 

Orthonitrvmaaiolualdekyde,  CHj.CgHjCNO^CHO.  is  formed 
■when  the  aldehyde  is  allowed  to  drop  into  a  cold  mixture  of 
nitric  and  sulphuric  acids,  It  is  a  yellowish  liquid,  volatile  with 
steam,  and  is  convertetl  into  methylindigo  when  warmed  with 
caustic  soda  and  acetone.^ 

Paratolualdehyih  was  prepared  by  Cannlzzaro  by  the  distilla- 
tion of  a  mixture  of  calcium  formate  and  cjilcium  paratoluate, 
and  is  a  liquid  which  boils  at  204°  and  possesses  a  smell  ro- 
eemhling  that  of  peppermint.* 

>  &tnrd,  Ann.  Chim.  Fhya.  [i\  xxii.  S18,  18S1  ;  BoTnemann,  Ber.  DetUxh. 
Chtm.  0«.  irii.  H82. 

*  itiymann,  BuU.  Sue.  Cliiin.  xxfii.  4B8, 

*  IiAQth  mil  Grimiinx,  tftirf.  »ii.  234  ;  Gnndelwli,  ija,  xx^i.  iL 

*  Meiitcr.  Lncius  anil  Bniiung,  Scr.  OenticA.  Cheirt.  Qtt.  xvi.  817  ;  Bornemaiiii, 
lee.  ri/. 

"  Ann.  Chein.  Pharm.  riiiv   361. 
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AROMATIC  COMPOUNDS. 


THE  TOLUIC  ACIDS,  aH/ 

2222  Orthotoluie  add  was  first  obtained  by  Bieber  and  FJttig 
by  oxidizing  ortLoxylene  with  dilute  nitric  acid.'  It  may  also 
be  easily  prepared  from  its  nitril,  and  its  ethyl  ether  is  forroeJ 
by  the  action  of  ethyl  chlorocarbonate  on.  a  mixture  of  ortho- 
iodotoluene  and  sodium  amalgam.*  It  is  beat  prepared  by 
heating  phthalide  with  phosphorus  and  hydriodic  acid :  * 


C8H,<' 


^CO^ 


)0  +  2ni  =  CaH, 


+ 
•CO.OH 


It  crystallizes  in  long,  lustrous  needles,  which  melt  at  10^ 
and  are  slightly  soluble  in  cold,  more  readily  in  hot  water  a 
very  readily  in  alcoliol. 

It  is  completely  burnt  by  chromic  acid  solution,  while  diluU 
nitric  acid*  and  alkaline  permanganate*  convert  it  intophthal 
acid. 

Oalciwm    orthoiohtaU,    (CsHjO,)jCa  +  SH^O,    crystallizt 
small  needles,   which   are  readily  soluble   in   water  but  on] 
slightly  in  alcohol. 

Ethyl  ortAototiiate,  CaHjOg.CjHj,  is   a   li.pid  which  boils  i 
219*5°,  and  has  an  aromatic  odour." 

Orthotolupi  chloride,  UHg,CflH,.COCl,  is  a  liquid  which  boils  ■ 
211'"  (Ador  and  Rilliet). 

OrtlwtohMmide,  CHj.CbHj.CONHp  crystallizes   from  boilL 
water  in  fine,  silky  needles,  melting  at  138°. 

Orihoiolunitril,  CHj.CflHj.CN,  is  formed  by  the  distillation  a 
potassium  orthoxylenesulphonate  with  potassium  cyanide,^  i 
also  when  orthotolyl  mustard  oil  is  heated  for  an  hour  with 
copper  filings.*  It  is  a  colourless,  strongly  refractive  liquid 
boiling  at  203° — 204°,  which  is  converted  into  the  amide  by- 
heating  with  alcoholic  potash,  and  into  the  acid  by  concentrate  ' 
hydrochloric  acid  at  180°— 200°. 

'  Jna.  Chem.  PHanii.  clvi.  212. 

=  Kckals,  Ber.  Dmlach.  Chem.  Qet.  vii,  1007. 

'  Oriiba,  ibid.  xix.  778.  •  Weith,  Und.  viL  1067. 

'  riccanl.  iiW.  lii  57B.  •  Ador  nod  Eilliet.  ifnd,  xii.  S: 

'  FittiR  and  Hnnisny,  AJtn.  Chem.  Pharm,  cliviii.  US, 

■  Weilh,  Ber.  DeuUch.  Chem.  Gen.  vl  il8. 
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CkUyrorthotduui  aeids,   C(H3Cl(CHa)G0,H.  are   obtained  by 
oxidizing  the  chloroxylenes  with  dilute  nitric  acid  : ' 

CI    CHj  COjH  Mdting-point. 

4:2:1     compact  prisma 130° 

4:1:2     compact  prisms 166° 

3:2:1     needle 154° 


a-Brormrthololuie  add,  C6HgBr(CHj)C0jH  (4  : 1 ;  2),  is  formed 
by  the  oxidation  of  bromorthoxylene,  and  crystallizes  from  hot 
alcohol  in  stellate  aggregates  of  fiat  needles,  which  melt  at 
174°— 176°-* 

fi-Broiiwrthoioluic  acid  (3:1:2)  is  obtained  by  the  action  of 
bromine  on  orthotoluic  acid.  It  is  scarcely  soluble  in  cold, 
slightly  in  boiling  water,  but  readily  in  alcohol,  and  crystallizes 
in  long  needles,  melting  at  1G7°.* 

MlTo-oriAotoluic  acids.  CeHs(N0s)(CH3)C0jH.  The  first  of 
these  is  formed,  together  with  the  second,  by  the  nitration  of 
orthotohiic  acid,*  and,  together  with  the  tldrd,  when  nitro- 
orthoxylene  is  oxidized.*  The  last  also  occurs,  according  to 
Racine,  in  the  products  of  the  nitration  of  orthotoluic  acid." 


N0„  CH,  CO,H 
a)  4 
0)  6 

7)  * 


Melting-point 
croacopic  prisms  .    179° 


needles 

needles 145' 

long,  lustrous  needles  .    -    .    .    152' 


Amulo-orihotoluic  acids,  CeHj(NH^(CHa)COjH : 
NHj  CHj  COjH 

2     small  prisms 196° 

2     STnall,  lustrous  needles    .    .    .    191° 
1     long,  flat  needles 153' 

The  last  of  these  acids  decomposes  into  carbon  dioxide  and 
F  metatoliiidine  when  it  is  heated  with  lime  (Jacobsen). 

,  Stdphorthototuic  acid.  CoHj,(S03H)(CH3)COgH   (1:2:  3),  is 
ined  by  heating  orthotoluic  acid   to  160°  with  sulphuric 

'  KriiseT,  Bcr.  Deatack.  Chen.  Grs.  iviii.  17S5. 

*  Jacohaun,  ihid.  xrii.  2372. 
'  Jioobsen  and  Wlerei,  ibid,  xvi.  1656, 

*  7ittig  aud  Biiber,  Ann.  Chem,  Phann.  oxlri.  Si6  ;  Fittig  and  HamiMiy,  ibid, 
olxvifi.  SSO ;  Juob«en  and  Wiini,  Ser.  Dtutsck.  Chtm,  Oat,  xvi.  ISSR. 

*  Jacobsen,  ibSA.  xriL  16!. 
i.  3*50. 


416  AROMATIC  COMPOUNDS. 

acid ;  it  forms  a  fibrous  crystalline  mass,  which  dissoli 
in  water,  but  only  slightly  in  dihite  sulpbiiric  acid. 

IHmilphoyllwtobiic  add,   CaHs(S03H)j(CH,)C0,H,  is  formi 
when  ortliotoluic  acid  is  heated  to  170°  with  disulphuric  acidj 
it  foims   microscopic  needles,  which  are  extremely  soluble 
water  (Jacobaen  and  Wierss). 

Parasxlphamuio-ortkotoluic  add.,  CBH3CSOfNHj)(CH3)COi 
(4:2:  1),  is  formed,  together  with  the  following  compomu), 
when  ortbo.'cylenesulphamidQ  is  oxidized  with  an  alkaline  solution 
of  potassium  permanganate.  It  is  slightly  soluble  in  cold,  readily 
in  hot  water,  and  crystalliztsin  long  needles,  which  melt  at  217*. 
Its  potassium  salt  crystallizes  in  large,  compact  rhombohedra. 

Mclasulphamiiio-orthotoluic  acid  (4:1:2)  is  less  soluble 
hot  water  than  the  isomeric  acid,  and  forms  long,  brittle  needli 
melting  at  243*.     Its  potassium  salt  is  extremely  soluble, 
can  only  be  obtained   in  a   crystalline   state   by  exposing  il 
concentrated  solution  over  sulphuric  acid  for  a  long  time. 

2223  Mdatoluic  add  is  obtained  by  the  oxidation  of  metax; 
lene  with  nitric  acid'  or  potassium   permanganate.*     Richti 
prepared   it   from    orthonitrotoluene   by   converting  this   inl 
bromometatoliinitril   by   heating  with   alcohol   and   potassium 
cyanide  (p.  217),  and  treating  the  acid  obtained  from  thia  with 
sodium  amalgam  and  water.*     It  has  also  been  obtained  from 
niesitylene,  or  symmetric  tri  methyl  benzene,  by   oxidizing  this 
to  uvitic  acid,  CeHj(CHg)(C0jH)2,  and  heating  the  calcium  salt 
of  the  latter  with  half  its  weight  of  slaked  lime  to  above  the 
melting-point  of  lead.^ 

Id  order  to  prepare  it,  metaxylene  is  heated  to  130° — 150' 
one  or  two  days  with  a  mixture  of  one  volume  of  nitric  acid 
two  volumes  of  water,  and  the  product  distilled  with  steam,  isoph- 
thalic  acid  and  nitro -com pounds  being  left  behind  (Briickner). 

Metatoluic  acid  is  more  readily  soluble  in  water  than  its 
isomerides,  and  crystalhzes,  when  its  solution  is  rapidly  cooled, 
in  long,  fine  needles,  while  it  is  deposited  on  gradual  evaporation 
in  deal,  well-formed  prisms.  It  melts  at  108° — 109°,  and  readily 
sublimes, 

Caldum  mciatobiaie,  (Ci,HjOj)jCa+ 3H.jO,  crystallizes  in 
gates  of  lustrous  needles,  similar'  to  those  of  calcium  benzoat«, 

'  Jncobsen,  Bcr.  Detitsch.  Chem,  Om.  xiT.  38. 

'  Ahrena,  Zcilickr.  Chcm.  1868;  106;  Tawililiirow,  Bur.  Deutteh.   Cftem,  G„ 

iv.  410  ;  Briickner,  ibid.  ii.  405.  ■  Sc Iirollcr,  KclniWs  Org.  CKem.  iiL  701 

*  Bct,Dcutith.0ie,n.  Ges.  v,  421.       «  Brilling^r  and  lUiniwy,  iliut.  b     --' 


the 


t 
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Jithyl  mciaiohuUe,  C8HjOj,CgHj,  is  a,  Jiquid.  which  boils  at 

5"— 226-5°.' 
Metatoluyl  ehl<»-idc  boils  at  218°  (Ador  and  Rilliet). 
Meiatolunitril,  C^H^{C}i3)C'S ,  lias  been  obtained  by  Iieating 
itatolyl  mustanl   oil   with   copper   dust   as   a   liquid   which 
Rmell»  like  benzooitril,  and  is  converted  into  metatoluic  acid  by 
lieatin<{  with  concentrated  hydrocliloric  acid  to  180° — 200°.* 

ChioTomttatolaic  add.  CflHsCI(CH3)C0jH  (4:3:  1),  is  formetl 

by  boihng  a-chlorometaxylene  with  chromic  acid,'  as  well  as  by 

replacing  the  amido-group  of  amidometatoluic  acid  by  chlorine.* 

is  oiily  very  slightly  soluble  in  water,  and  sublimes  in  dazzling 

lite  needles,  which  melt  at  209°— 210°. 

a-Bromomelalohm  add,  CoH^BrCCHOCOgH  (4:3: 1),  is 
ined  by  the  oxidation  of  bromometaxylene  *  and  of  o-bromo- 
;ymene,'  as  well  as,  together  with  the  /9-acid,  by  the  bromina- 
of  metatoluic  acid.'  it  separates  from  hot  alcohol  as  a 
italline  powder  or  in  small  thick  prisms,  which  melt  at 
■     210°. 

fi-Broviometatolnic  acid  (4:1:3)  is  formed  by  the  oxidation 
^-bromo-isocymene,  and  separates  from  hot  glacial  acetic  acid 
as  a  faintly  lustrous,  crystalline  powder,  meltingat  152° — 153°.* 
NUrometaloluic  acids,  CoHa(NO,J(CH,,)COjH.  Two  of  tliese 
are  formed  by  the  nitration  of  metatoluic  acid,"  and  both  the 
others  by  the  oxidation  of  the  corresponding  nitrometaxylene,^" 
while  the  third  has  also  been  obtained  by  the  oxidation  of  nitro- 
-ifiocymene : '' 

NO,  CH,  CO,H  MBltinB-point 

a)  4    :    1    :    3     compact  prisms 210 

;9)  2    :    1    :    3     compact  prisma 182° 

y)  6    :    1     :    3     lustrous  needles  or  crystalline 

powder 214° 

S)  5    :    1    :    3     silky  needles 1(»7° 

Ador  mil  RiUiot,  Ber.  Deu/jKA.  Cham.  Oe>.  lii.  2300. 

Weitb  ind  Lsndolt,  ibicL  viii.  719. 

Volrath,  -inn.   Chim.   Fharm.  cxliv.   28fl  ;  jHcgbaeo,  Bct,  Dc^iisch,  Chcoi- 
.  «viii.  1760. 

Beilstein  and  KriUlcr,  Ann.  Chem.  Pharm.  ciliv.  181. 

Fittig,  AbroTU  ind  Mattheideii,  ibid,  cxlvii.  S2. 

Kelbe,  Ber.  LculKk.  ChcTa.  0».  xt.  39. 

JacDbsen,  Hid.  xiv.  2351. 

Kelbe  and.  Cnmomaki,  Ann.  Chem.  Phamt.  ccxxxv.  281. 

Jacolmii,  Btr.  DttUmJi.  Chen.  Qa.  xiv.  2353. 

Krenalcraiid  BeilHtciu,  loe.  cii.  \  Kemaen  and  Kuliara,  Aincr.  Chem.  Joum. 
424  ;  Thiil,  Ber.  DcutJKh.  Ch<m.  G<u.  xviii.  359. 

Kelbe  and  Warth,  Ana,  Chem.  Pkarm.  cuixi.  101. 
VOL.   III. — PABT   IV.  E    E 
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Amidtmietatoluic  acids,  Cgtt,(NHjJ(CHj)COjH,  liave  bee 
prepared  by  the  reductioD  of  tlie  firtit  tliree  Ditro-acids  with  t5 
and  hy(h\)chlonc  acid : 

H  filing- point— 
NH,  CH,  CO,H 
a)  4    :    1     :    3     long,  thiu,  ooloiirlesa  plates    .     172* 

^)  2    :    1    ;    3     small,  flat  prisma 132° 

7)  6    :    1    :    3     loiig  needles 167° 

a-Sulphamuimnetatoluic      acid,      CaH/S0j.NHj)(CH3)C0,H 
(4:3:1),  is  formed  when  a-metaxyleiiesulphamido  is  oxidizi 
with  chromic  acid  or  potaBaium  permanganate ;  it  cvystalli: 
from  hot  water  in  long  needles,  melting  at  254°.' 

v-Sitlp?iamidometaloluic  add  (2:3:1)  Laa  been  obtained  1 —  yy 
the  oxidation  of  v-metaxylenesulphamide,  and  forms  crysta— ^1s 
which  melt  at  202°— 203°  (Jacobaen). 

2334  Faratoluic  acid  was  prepared  by  Noad  in  1847  by  tt  -».« 
oxidation  of  cymcne,  CHj.CjHj.CjH,,  with  nitric  acid ;  *  it         is 
formed  in  this  way  from  many  other  hydrocarbons  which  cd:^m=k-- 
tain  two  side-chains  in  tlie  para-position,  such  as  parameth>-i^  1- 
ethylbenzene,*   paraxylene,*  &c.     The    latter  is  also  convert  ^r^«J 
int«  the  acid  by  the  action  of  potassium  permanganate  *  and        of 
chrorayl  chloride,'     Oil  of  turpentine  and  its  isomerides,  whi  -^cli 
must  be  looked  upon  as  dihydrosycymenes,  and  various  <loriv^'"«- 
tives  of  these  are  also  oxidized  to  paratoluic  acid  by  dilute  nil  ^■"i'-' 
acid.'     KekuliS  obtained  it  synthetically  by  the  action  of  carb-    -o" 
dioxide  on  a  mixture  of  sodium  and  parabromotoluene,^  wli        ''^ 
Wiirtz  obtained  the  ethyl  ether  by  employing  ethyl  cliloro-<^^*'^''' 
bonate."     It  has  also  been  synthetically  prepared  by  m»ny  " 

the  reactions  previously  mentioned  (Part  III.,  p.  30). 

The  cymene  which  is  contained  in  Roman  cumin  oil  and  whi  S^  _ 
can  easily  be  obtained  from  camphor,  is  employed  as  the  startit  -*^8 
point  in   the  preparation  of  tlie  acid.     It  is  Ikeated  for  a  co*:^^^'"'" 
siderable  time  in  an  apparatus  connected  with  an  inverted  cjt:;^^*''' 
denser  with  a  mixture  of  1  vol.  of  nitric  acid  of  spec.  gr.  1  -  " 

'  Iks  and  Romssn,   Bcr.  Deua^h.  Chmi.    Gca.   x.    1044;  xi,   229  and  ^f^^' 
J«col)BHii,  ibid.  xi.  895  ;  Coulo  and  Eumsen,  Amer.  CA^in.  Jintrn.  iii.  206. 
'  CheiA.  Sue.  Mem.  iii.  ISB. 

*  Jimniucb  and  Diecknunn,  Bar.  Dmtach.  Chim.  Qa.  vii.  15H. 

*  YbhI  de  Schepper  and  Beilatein,  Aim.  Cham.  Pharm.  fixxxviL  306. 

*  Berlliedot,  Bull  Sae.  Chim.  viL  134. 
■  Carstanjsn,  Ber.  Devfych.  Chrni.  Ga.  ii.  635. 
'  Hirwl,  Ztilfehr.  Chtm.  1866,  206  ;  Mielk,  Aan.  Cho«.  Fhnrm.  clxix.  4 

Ilprnpel,  ibid.  cbxi.  Ii  ;  Kobig,  ibid.  eicv.  lOH. 

*  Ihid.  cixxvii.  184.  '  Ih^l.  Sappl.  vii.  127. 
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;  4  vols,  of  Witter,  then  neutralized  with  caustic  soda  and 

1  in  ortier  to  remove  unattacked  cyniene  and  nitro-products, 

a  then  precipitateil  with  hydrochloric  aciil  and  the  precipitalo 

I  from  nitroparatoluic  acid,  &c.,  by  boiling  with    tin  and 

Irocliloric  acid.     The  product  always  contaiiLS  terephthalic 

,  which  remains  behind  on  treatment   with   water.      The 

j&tolutc  acid  is  finally  puritied  by  distillation  with  steam.^ 

■t  crystaUizes  in  needles,  which  are  slightly  soluble  in  cold. 

B  readily  in  hot  water,  and  very  readily  in  alcohol  and  ether ; 

iclts  at  180°,  boils  at  274° — 275°,*  and  is  readily  volatile  with 

It  is  converted  into  terepbthalic  acid  by  oxidation. 
Ikll  its  salts  are  soluble  in  water. 

cium  pamliituate,  (CgSjO^fia  +■  SHjO,  ciystallizes  from 
i  water  in  dazzling  white  needles,  which  resemble  those  of 
eium  benzoata 

tffthyl  paratoliiate,  CgHjOj.CH,,  forms  crystals  which  have  a 
'  pleasant,  penetrating  odour;  it  melts  at  32°  and  boils  at 
*  (Jischli). 

Slhyl  paratoliiate,  CgHjOjC^H^,  is  a  liquid,  which  boils  at 
',  has  a  bitter  taste  and  a  smell  reserabliug  that  of  ethyl 
izoate  (Noad). 
ienyl  paratobiate,  Cg'RjO^.CgHy  Wlien  paratoluyl  chloride 
t  heated  with  sodium  salicylate,  a  viscid  mass  of  paratoluyl- 
salicylio  acid.  CHjCaH.CO.OCoH^.COgH,  resembling  turpentine, 
is  formed  and  decomposes  into  phenyl  paratoluate  and  carbon 
dioxide  on  distillation  with  lime.  It  forms  white  plates,  which 
have  a  nacreous  lustre,  smell  like  the  geranium  and  melt  at 
71°— 72^* 

Panitolvyl  chloriile,  CHj.CaH,.COCl,  is  a  strongly  refractive 
liquid,  boiling  at  218°.* 

Partdoluaviide,  CHgCaHj.CO.NHj,  crystallizes  from  hot  water 
ni  needles  or  plates,  which  melt  at  151°  (Fischli). 

Pamtoluylamido-acelic  offid,  CHg.CuHj.CO.NH.CH^CO^. 
which  is  also  called  tohn-ic  acid,  occurs  in  tlie  urine  after  the 
administration  of  paratolutc  acid.  It  is  slightly  soluble  in  cold, 
readily  in  hot  water  and  alcohol,  and  crystallizes  in  nacreous 
plates  or  rhombic  tablets,  which  melt  at  1G0° — 105°,  and  are 

>  DtttinaTind  Kcknli^,  Aim.  Chem.  Fhamn,  clxil.  330;  Rruukner,  i'Ai'<'.  ccv. 
113. 

'  FialilL,  Ber.  Drulteh.  C/unn.  Qc<.  »ii.  815. 

*  Kraut,  ChtM.  Ctnlntlbt,  18SS,  SI. 

■  Calioure,  yfiin.  C/iem.  Fharm.  cviii.  316;  l]rui:kjipr,  tft.r/.  rrv.  IH  ;  Ador 
'u<l  Billiet,  Btr.  Dtvttck.  Chan.  Get.  lii.  22SS. 
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decoinpo-ted  iuto  paratoluic  acid  and  atnido-ocetic  acid  by  co:=:^aiEi 
tinued  boiling  with  bydiijchloric  acid.' 

Schultzen  and  Niiiiiiyii.  after  takiog  coal-tar  xylene,  found  S"  i 

the  urine  a  tuluric  acid,  which  did  not  crystallize  but  was  on  .Mj 
obtained  as  a  culourless  liijuid;-  this  substance  probably  co^^hib- 
sists  entirely  or  chiefly  of  the  me ta -compound. 

PaTdtolnnitril,  CHj.CaH^.CN,  is  best  preparud  by  distillii:^=»  ^ 
paratutuic  acid  with  potassium  thiocyanate  (Part  III.,  p.  19'*— ^  ). 
It  is  a  powerfully  refractive  liquid,  smelling  like  benzoniti^  il, 
boils  at  217*8°  and  solidities  at  a  low  temperature  to  a  ma^^s^ 
which  melts  at  285°.' 

Chloropnratoluk  acid,  G,HgCl(CH3)C0jH  (.3:4: 1),  is  iorm^='<^ 
by  the  oxidation  of  chlorocymene.  G^^C[{GB^C^^,  with  dilu^  -fce 
nitric  acid.*  It  is  sUghlly  soluble  in  hot  water,  readily  in  alcohM=i>I, 
and  ciystallizea  in  large  plates  melting  at  194° — 196°. 

aBromoparatolKicacid,G^^BT{CS.^CO;a  (3:4:  l),hasbe^=-M 
obtained  by  the  oxidation  of  orthobromocymene,"*  brometh^^'l- 
methylbenzene,"  and  bromo  para  xylene,'  and  is  also  formed  wh^ei^n 
paratoluic  acid  is  allowed  to  stand  in  contact  with  dry  bromin-^*?-* 
It  is  almost  insoluble  in  cold,  slightly  soluble  in  hot  water  a^^'' 
readily  in  alcohol,  crystallizing  in  needles,  which  melt  at  204°. 

^'BromO]}aTatoluic  acid,  which  is  formed  by  the  oxidation  of 
metabromocymene,  cryitailizes  from  alcohol  in  plates  melting  ^'^ 

I96°.» 

IHfmnnoparalolMic  add,  C„HjBr3(CHj)C0,H   (3:6:4:1),  '^ 

obtained  by  oxidizing  solid  dibromoparaxylene  with  a  soliiti- -^""' 
of  chromium  trioxide  in  acetic  ncid.  It  is  only  very  aligbV  ""J 
soluble  in  water,  and  crystallizes  from  alcohol  in  stella^^  ^^ 
aggregates  of  needles,  which  melt  at  19.5°."' 

lodoparatobtic.  add,  CoHjICCHj^COjH,  was  obtained  by  Grie^-  J^f 
together  with  amidoparatoluic  acid,  by  the  action  of  hydrio(rt:*^'''' 
acid  on  diazo-amidotoluic  acid,  it  is  slightly  soluble  in  v/atm 
readily  in  alcohol,  and  crystallizes  in  white  plates  or  needles. 

'  Kmut,  Ann.  Chum.  Pharm.  xcviii.  860. 

»  Zeilchr.  Chem.  18U8,  20. 

'  Patonifi  niid  Piaati,  Ser.  DeulMK  Chem.  Oen.  \'m.  141  :  eov  aim  Volca 
ZeiiKhr.  Chem.  18SB,  480;  IIoKoaDii,  Ann.  CJicia.  Fhairtn.  rxlii  13ci:  Uis 
ZHluhr.  Chtm.  18(18,  33;  WoitU,  Str.  BailaA.  Chan.  On.  vi,  iZ\. 

*  KekuUand  FlsUchnr,  Uiiil.  vl.  1060 ;  v.  GiiicLkMi, dik  x.  1350  ;  xi.  'M&  - 

-  lAndolpli,  Bar.  DaOxh   Chem.  Ota.  v.  248. 

'  Pittiea,  Ann.  Chem.  Fkamt.  clxxii.  313. 

'  Mmsb  nnd  liemscn,  Ber.  Dealtek.  Chan.  Ga.  xi.  225. 

'  Junnaarli  and  Diockmann,  Ann,  Chem.  Fhurm.  olxxL  BS. 

»  K«ll«  ■ml  Koschniwky,  ibid.  xii.  1730. 
'•  ScLulU,  ifti'rf,  X-'*'   *""■ 


a-XUtvpanOeiuit  tuid.  C,H,(NOj^ii;CHJCOtH  (3:*-1).  is 
formed  by  the  action  of  family  nitric  axid  on  crmene'  ft 
paratohiic  acid.'  It  is  sligiitlj  soluble  in  co\A,  more  re-tdily  in 
hot  Wilier  and  readily  in  aloohol.  from  which  it  cr3rstallize3  id 
light  yellow,  monoclioic  pnsnis.  which  melt  at  189"— 190', 

ff-NttnparttioJtiic  atul  (2:4:1)  is  obtained  by  the  oxidattoo 
of  liquid  DitrocjineDe  with  chromic  acid  Eoliition  (Landolpb, 
Fittica).  It  is  scarcely  soluble  in  cold.  slighUy  in  hot  water,  and 
only  with  difficulty  iu  alcuhol,  crystalliziDg  in  small  plates  or 
needle?,  which  sublime  without  ineltiug  when  heated.  Accord- 
ing to  Widmau  and  Bladtn,  the  so-called  liqtiid  Ditrocymenc 
coDsistfi  chiefly  of  paratolyhnethyllcetone.*  and  the  acid  prejmred 
from  it  is  therefore  probably  not  a  nitrotoluic  acid. 

e-yitroparatolunUra,  C,H,(NOs)(CiyCN,  is  obtained  by 
beating  the  diazo-compound  of  metanitropamtoluidine  with 
potassium  cnprocyanide ;  it  melts  at  99' — 100.°* 

a-Amid<^Tatoliik  acid.  C^(NHj)(CHjCO,H  (3:4:1).  is 
tolerably  soluble  in  water  and  CTystallizes  in  Itair-lite  needles, 
which  melt  at  164°— 165°  (Ahrens). 

7>iai(-a»iid(rfo/«wainrf,COJLC,H,(CH,)NH.N=NC,H,(CHJ 
COjH.  is  formed  by  the  action  of  nitrogen  trioxide  on  an  alcoholic 
solution  of  the  amido-acid.  It  forms  yellow  microscopic  prisms, 
which  are  insoluble  in  water  and  alcohol,  and  is  decomposed  by 
the  h»loid  acids  with  formation  of  substituted  tolnic  acids.^ 

SiLlphoparatohiie  actrf,  C,Es(S0jH)(CH3)C0^  (2:1:4).  has 
been  prepared  by  the  action  of  siilphur  tri oxide  on  paratoloic 
acid,"  and  by  the  oxidation  of  thioeymene,  C(Hj(SH}(CH3iCjH; ' 
and  cymene-orthosul phonic  acid.*  It  cfystallizes  in  small  plates 
which  contain  two  molecules  of  water  and  are  st-ible  in  the  air. 
SulphamidopaTOioluic  acuf^  CgH^(S0^.NH^(C}1^C0jK,  is 
formed  by  the  oxidation  of  paraxylenesulph amide '  or  cymene- 
Bulpliamide,'"  and  crystallizes  from  hot  water  in  long  neciiles 
which  melt  at  1G7°." 

■  Noad,   Chem.   Soc   Mem.  iil    431  ;   Ahr«ns,    Zeitaekr.    Chem.   1669,   102 ; 
lAndolph,  Btr.  DaUxh.  Chan.  Qa.  ii.  »3fl  ;  Fittic*.  ibUt.  *i.  S3S. 
'  Axn.  Chem.  Pham.  clxTiiL  250.         *  Ber.  DenUek.  Chem.  Get.  lii.  68<. 

•  Leolurt,  ibid.  lii.  417.  *  Grieaa,  Ann.  Chem.  Pharm.  cxvii.  G8. 

*  Fischli,  Brr.  DaUKh.  Chum.  Ge:  xn.  SIS. 

T  ripsch,  ibid.  Ti.  178  ;  Bechlir.  Joum.  Pratt.  Chrm.  [2]  viu.  170. 
'  lUmnn  utd  Barney,  Amrr.  Chem.  Joum.  ii.   405;  Baur  and  Hejcr,  A<tit. 
Chan.  FhaTyn.  ixxx.  18. 

,   Zeiltchr.    Chan.   1SS9,  102  ;  Landolph,  Btr.  Denlxh.   Chem.  Ga. 


;  I'itl 


I,  ibid.  T 


838. 


AROMATIC  COMPOUNDS. 


HYDROXYTOLUALDEHYDES,  CuH,(OHXCH^COa 

1225  These  compounds  are  formed  when  the  cresola  are 
heat<i!  with  caustic  soiJa  solution  and  chlorofonii.  homosaliej-l- 
alclehydes  being  formed,  which  are  voiatile  with  steam.  OrtliH- 
and  meta-cresol  also  yield  homolpgues  of  parahydroiybeiu- 
aldehydc,  which  are  not  volatile  with  steam,  but  this  is  not  the 
case  with  paracresol,  since  in  the  chlorofurni  reaction  the  aUt- 
hyde-groiip  always  takes  up  either  the  ortho-  or  p&ra-pa»tinii 
with  respect  to  the  bydroxyl.^ 

Pm'o.komoaalicylaldehyde  or  Orihohydroxprnetatolualdciyf/ 
(C0H:0HlCH,  =  1  :2:5)  ia  slightly  soUible'in  water,  rewhly 
in  alcohol,  and  crystallizes  from  dilute  alcohol  in  six-sided  plates 
which  hiive  a  nacreous  lustre,  and  melt  at  56°.  It  hoile  at 
217° — 218°,  has  a  powerful,  almost  repulsive  aromatic  odour,  md 
gives  a  deep  blue  colouration  with  ferric  chloride. 

It  is  converted  by  the  action  of  water  and  soilium  amalgam 
into  homosaliijenin  or  orthokydroxytncta.rylpl  alc-ohol,  CjH,(0B5 
(CHj)CH,.OH,  which  crystallizea  from  hot  water  in  luslro 
plates,  melts  at  105'  and,  hke  saligenin,  gives  a  deep  hla 
colouration  with  ferric  chloride. 

0)-thohomosalicylaldchyde  or  OTthohydrorymttatolualdtkyit  (1 
2  :  S)  is  an  oily  liquid,  which  has  a  smell  resembliDg  both  sulicy 
aldehyde  and  oil  of  bitter  almonds,  solidifies  on  cooling  1 
crystals  which  melt  at  17°,  and  gives  a  bluish  colouration  wil 
ferric  chloride. 

Mdahomomlicylaldehyde  or  Ortkokydracyparatohiald^yde  (1 
2 : 4)  forms  crystals,  which  melt  at  54°  and  have  a  pleasH 
aromatic  odour.  It  boils  at  222° — 223°  and  gives  a  violi 
colouration  with  ferric  chloride, 

Or/hoIwrnoparahydrozyheTizaktehydc   or  Paraliydroxym. 
aldehyde  (1:4:3)  crystallizes  from  hot  water  in  pointed  prisi 
which  occur  chiefly  in  twinned  forms,  resembbng  gypsum.   , 
melts  at  115°  and  gives  a  bluish  violet  colouration  with  faij 
chloride. 

MdahoDioparahydroryliemaidehyde  or  Parahydroxyortiotol 
aldehyde  (1:4:2)  crystaUizes  in  lustrous  plates,  melts  at  ll 
and  gives  a  light  rose-red  colouration  with  ferric  chloride. 

1  Tictmnn  md  Schotter,  Brr.  OsutapA.  l.-'Ann.  Ocm.  x\.  T70. 


HYDROXY TOLUIO  ACIDS. 

J^tnyanihol,  Og^O,  An  amorphous  substiuice,  called  ineny- 
'***-^-^i>i,  CjoH^O[^  wLiili  liaa  an  intensely  bitter  taste,  occiira  in 
t-l***  common  buckbean  {Me.niianthts  tri/oliata)  and  is  decoin- 
I**^^eti  by  heating  with  dilute  sulphuric  acid  into  grape  sugar 
^^-'^^i  meoyanthol.  This  substance  is  a  liquid  whicli  smells  like 
*^*^K>zaldehyde,  reduces  ammoniacal  silver  flolution,  and  is  con- 
^"^«~ted  into  a  crystalline  acid  on  exposure  to  the  air  or  on  fusion 
^'*t;li  caustic  potash.'  It  is  probably  identical  with  orthobomo- 
««-Ucylaldebyde. 


HYDROXYTOLUIC  ACIDS,  C,Hj(OH)(CHs)COjH. 

3926  Kulbc  and  Lautemann,  after  finding  that  salicylic  acid  is 
formed  by  the  action  of  carbon  dioxide  on  a  mixture  of  phenol  and 
*odium,  prepared  its  homolc^e,  o-esoHc  arid,  from  the  creaol 
~*hicb  boils  at  120°.*  The  three  cresotic  acids  were  then  pre- 
pared from  the  isomeric  cresols,^  and,  on  account  of  their 
similarity  to  salicylic  acid,  were  also  called  homosalici/lw  acids. 
Ihle  has  shown  that,  like  their  lower  homologue,  they  may 
be  obtained  by  passing  carbon  dioxide  over  the  heated  sodium 
cresols.* 

These  compounds  and  the  other  hydroxytoluic  acids,  the  ten 
of  which  are  all  known,  are  also  formed  by  reactions  Bimilar  to 
those  employed  for  the  preparation  of  the  hydroxybenzoic  acids 
and  other  hydroxy-acids  (Part  III.,  p.  32). 

The  dimethyl  ethers,  GgH,(CH,)(0CH,)C0j.CH3,  arc  formed 
by  beating  the  acids  with  caustic  potash  and  methyl  iodide,  and 
these  are  converted  by  saponification  into  the  methoxytoluic 
acids,  CaHs(CHi,)C0CHj)C0jH.6 

The  numbers  appended  in  brackets  give  the  position  of  the 
side  ch^ns  in  the  order  COjH :  OH :  CH^. 

Parahoj/wsalvrylic  add,  a-Cresotic  and  or  a-Orfkohydroxtpaetor- 
loluic  acid  (1:2: 5),  may  be  obtained,  in  addition  to  the  methods 
just  described,  by  fusing  yS-metaxylenol "  or  y9-bromometatolutc 
acid '  with  caustic  potash,  by  the  action  of  nitrous  acid  on  the 


^  Eramaj'er,  Jahrah.  Chcm.  1881,  TIB. 
»  Ann.  Chtm.  Pharin.  cxt.  203. 

*  Kngelhnrdt  and  L»tscliino«,  Zeittchr.   Chem. 
DmUeh.  Chan.  Qta.  r[.  S2S  :  Eeknle,  ibid.  vii.  101 

*  Jmtrn.  Pmkt.  Cham.  [2]  xiv.  'ICl. 

'  Sa'bM.Ser.  Deatxh.  Chrm.  Ocj.  liL  822. 
"  "      "  ""   T.  li.  374. 


,   622  ;  BEedenniiun,  Ihr. 


'  Ibid.  liv.  3047. 


Ml  ABOMATIC  COMPOUNDS. 

ninitlomeUtoliiic  acM  wliich  melts  at  172°,'  and  by  heating  par 
cresol  with  caustic  soda  and  tetrachloromethane.*  It  crystallizi 
from  hot  water  in  very  long  needles  or  rhombic  prisms,  meltir 
at  151',  and  is  readily  volatile  with  steam.  Its  aqueous  solutic 
is  coloured  an  intense  violet-blue  by  ferric  chloride ;  it  dect 
poses  into  paracresol  and  carbon  dioxide  when  heated  to  181 
with  hydrochloric  acid,  while  a  remarkable  reaction  occurs  wht 
its  culciuni  salt  is  heated  with  lime,  orthocresol  being  forme<= 
(Jacobsen). 

Methyl ftfiraJioitwsitlieiflic  acui  fonns  long,  thin  needles,  melting 
at  67°. 

Orlhoh"tnosalieplic  aeUl,  ff-Crcsotw  acid,  or  v-Orlhtyhydrorymeta— 
tolnic  acid  (1 : 2  :3)  is  also  formeil  by  fusing  v-sulphamidoraetji- 
toluic  acid  with  caustic  potash '  and  by  the  action  of  nitrous 
acid  on  the  amidometatoluic  acid  melting  at  132°  (Jacobsen). 
It  (.Tj'stallizes  from  hot  water  in  long,  flat  needles,  which  me!t  al 
193° — 164°.  It  decomposes  into  orthocresol  and  carbon  dioxide 
when  heated  with  hydrochloric  acid  to  210°;  ferric  cldoride 
colours  its  aqueous  solution  deep  violet. 

Mdhylorihohomosalieylie  add  crystallizes  in  feathery  needles 
and  melts  at  81°. 

n-Metahomosalici/lic  acid,  y-Cresotie  aeid,  or  OHhohydrorypa\ 
tidnic  aeid  (1 : 2  : 4)  is  also  obtained  by  fusing  paraxyleuol 
caustic  potash  (Jacobsen),  and,  together  witli  metahomoj 
hydroxy  benzoic  acid,  when  metacresol  is  heated  with  tetraehloro- 
methane  and  caustic  soda  (Schall).  It  crystallizes  from  water 
in  needles  and  from  alcohol  in  monocliuic  prisms,  which  melt  at 
177°,*  and  are  volatile  with  steam.  On  heating  with  hydro- 
chloric acid  to  170',  it  decomposes  into  metacresol  and  carbon 
dioxide ;  ferric  chloride  produces  a  deep  violet  colouration  in  its 
aqueous  solution. 

a-MdhyhrietakoTnosalicylie   acid   crystallizes    in  plates, 
melt  at  103'— 104°. 

^■MetoAomoaalicyli-c  acid  (1:2:6)  has    been   ohtaineil 
j8-bromorthotoluic  acid.     It  is  slightly  soluble  in  cold,  readi 
in    hot    water,  very    freely    in    alcohol,   crystallizes    in   U 
needles,  melting  at  168°  and  is  tolerably  volatile  with  sti 
Its  solution  is  coloured  a  deep  blue-violet  by  ferric  chlorii 

'  Bf-r,  DmtKh.  Chen.  dm.  xiv.   2353,  ;  Psnantovii!,  Journ.   PraJO.  Ohem.  I 

iiKiii.  fl»-  ^  schsii,  ibid,  jciu  saq 

>  Brr.  Deithck.  Chem   Qt*.  xi.  902. 

■  Oiipnnlii^Qlor  iml  ITiilT,  ibid.  viii.  889. 
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'  PARAHOMOMFTTAHYDROXYBENZGiC  ACID.  426 

on  heating  to  200°  with  concentrated  hydrochloric  acid,  it 
decomposes  into  metacresol  ttnd  carbon   dioxide.' 

2227  ParahomomciahydraxyhfTizoic  acid  or  Metahydroxyortho- 
toluie  acid  (1 : 5  :  2)  is  formed  by  fusing  metaaulphamido-ortho- 
toluic  acid,^  a-bromorthotoluic  acid,'  or  the  chlororthotohnc  acid 
melting  at  166°,*  with  caustic  potash,  and  from  ;S-amidortho- 
toluic  acid  by  means  of  the  diazo- reaction.^  It  is  slightly 
soluble  in  cold,  readily  in  hot  water,  crystallizes  in  transparent 
prisms,  which  melt  at  172°  and  sublime  in  needles,  and  is  also 
volatile  with  steam.  Ferric  chloride,  adde<l  to  its  cold  saturated 
solution  or  to  that  of  its  ammonium  salt,  produces  a  light 
brown  precipitate  soluble  in  a  large  quantity  of  hot  water. 
It  is  not  attacked  by  concentrated  hydrochloric  acid  even 
at  220°. 

Metahomomeiahi/droxifbenzoie  acid  or  a-Hydroxytoluie  add 
(1:3: 5).  Fuming  sulphuric  acid  converts  raetatoluic  acid  into 
two  isomeric  sulphonic  acids,  which  yield  a  mixture  of  symmetric 
hydroxymetatoluic  acid  and  parahomosalicylic  acid  on  fusion 
with  caustic  potash ;  the  latter  may  be  removed  by  distillation 
■with  steam,  while  the  former  differs  from  all  its  isomerides  in 
not  being  volatile. 

Symmetric  hydro  Jtytoluic  acid  is  tolerably  soluble  in  cold,  readily 
in  hot  water,  and  crystallizes  in  fascicular  aggregates  of  needles, 
which  melt  at  208°;  it  solidifies  to  hard,  transparent  prisms 
and  sublimes  in  stellate  groups  of  needles.  Solutions  of  the 
acid  and  of  its  salts  give  a  fawn-coloured  precipitate  with  ferric 
chloride,  which  dissolves  in  a  large  excess  of  the  reagent,  forming 
a  dark  brown  solution.  It  is  not  attacked  by  concentrated 
hydrochloric  acid  at  230°,  and  yields  metacresol  when  distilled 
|.«ith  lime." 

X'TrinUrohydToxytoluic  acid.  Ci(^0^^{Oi5){CK^)C0^  +  H^O 

ffarren  de  la  Rue,  by  heating  the  colouring  matter  of  cochineal 

"1  nitric  acid,  obtained  nilrococcusi;  add,  which  possesses  the 

me  composition  as  the  trinitro- anisic  acid  prepared  by  Cahours, 

isly  not  identical  with  it.'      Gmelin  states  that  it  is 

vith  the  latter  and  also  with  methyltrinitrosalicylic 

'  It  differs  from  both  of  those  by  being  dibasic,  and  Strecker 

1  this  account  suggested  that  it  might  be  trinitrocresotic  acid.' 


DIHTDROXYTOLUALDEaTDEa  tiT 

*■  tetiacUonMneilune  and  concentnit«<l  caustic  aocU  soluiton.' 
^**<1  whea  ponsalplnmido-orthotoluic  »ci(l*  or  the  clilororlho- 
*^loic  acfd  vhicfa  tneits  at  ISO"  *  is  fused  with  caustic  potash.  It 
^*y*talliiws  from  hot  irater  in  small  needles  which  contain  half  a 
^<»l«cuie  of  waier  of  crystalUzation ;  this  is  lost  at  IPO'  and 
*"*e  anhydrous  residue  th«i  melts  at  1 TT—  1 78°.  Ferric  chlorido 
*OdDces  DO  colouration,  bat  gives  a  reddish  brown  preci)ntat« 
"bhs  salts,  which  dissolves  in  an  excess  of  the  reng«ul  formiug 
'k-farown  Bolution.  On  heating  to  SOt>°  with  hydivcldurio 
d  it  deoomposes  into  carbon  dioxide  and  luetacresol. 
iMtOijftateta^mojxirahifdrca-j/heHiaic  acid  crystallizes  in  long 
~  s  and  melts  at  176°. 
OrAokomoparakydraryhtmoie  acid  or  ParoMyiiroxymttaMiiK 
<  (1  :  4  :  3)  is  formed  by  fusing  the  aldehyde,*  a-sulpliiunido- 
sluic  acid  *  a-bromometatoluic  acid,"  or  chloroinetatoluic  ncid  ' 
itii  caustic  potash,  and  together  with  a  small  quantity  of 
Ithohomosalicylic  acid  by  heating  orthocresol  with  tetmchlnni- 
ethane  and  canstic  soda  (Schall).  It  crysUiUi/oa  from  Imt 
ftter  in  small  needles,  containing  half  a  nioleciile  of  wnlvr. 
hich  is  lost  at  100° ;  the  anhydrous  ncid  melts  at  171°— 17S°. 
i  is  volatile  with  steam.  Ferric  chloride  produces  no  coloura- 
n;  on  heating  with  hydrochloric  acid  to  180*— 185'  it 
M^mposes  into  carbon  dioxide  and  orthiH^resol. 
MethytorthvhomopaTahydTKtylirmoic  aHd  forma  microscopio 
Uiy  needles,  melting  at  193°— 193°. 


dihydroxytolualdehydes. 

c;h„(ch,)(0}{vhu. 

3339  Para-oTseUhwiihhyd^iGRO  :  OH  :  OH :  CH,  =  1 : 2 ;  *  :  6). 

rhia  compound,  which  is  also  known  as  OTcyluidf.hydv.,  ii*  rurmiHl 
togetherwith  two  orcendialdehydes,  C„H{CHj)COH),(CHO)„  liy 

leating  orcinol  with  caustic  potash  and  chloroform  ;  it  crystalliies 
fit>m  hot  water  in  fascicular  or  stcllnt^e  aggregates  of  needles, 
which  melt  at  177° — 178°.  Its  aqueous  solution  is  coloured 
xeddish  brown  by  ferric  chloriHe.*    The  cousfitutioii  of  Ihis  hmly 

'  Schall.  Bcr.  DcuUch.  CfKin.  Qtt.  ail.  819. 

'  JacolseD,  iiiii.  liv.  40.  '  KrUKcr,  loe.  cit. 

*  8cliott<!ii  and  Tiem»nn.  •  Jncobsan,  ibiil.  xi,  H97. 

•  Jaoohsen,  ibid,  liv.  S351.  '  Ibid.  «iii.  ITflO. 
'  Ti«miuui  null  Hslkejiburg,  ibid.  xii.  099. 


has  not  been  determined,  but  since  resorcinol  is  converted  by 
the  above  jeaction  into  |8-resorcy]aldehyde,  in  which  the  alde- 
hyde group  takes  the  para-position  with  regard  to  one  hydroxyl 
and  the  ortho-position  to  the  other,  this  is  probably  also  the  case 
with  orcylaldehyde. 

Metahomomtthcvysalieylaldekyde-  (i  :  2  : 3  : 5)  has  been  obtained 
from  creosol  and  chloroform,  and  forms  an  oily  liquid,  which 
possesses  a  smell  resembling  that  of  sal  icy  1  aldehyde,  and,  like 
the  latter,  forms  a  deep  yellow  coloiired  solution  in  alkalis. 
Ferric  chloride  produces  a  deep  green  colouration.^ 


DIHYDROXYTOLUIC   ACIDS,  CH3.C8H,(OH)i,COjH. 

2230  In  the  year  1830,  Heeren  investigated  the  lichens 
Rocella  ihicloria  and  LfM7bora  lartarca,  which  are  employed  in 
Holland  for  the  manufacture  of  litmus  and  archil,  and  found  in 
them  a  characteristic,  colourless,  crystalline  substance,  which  is 
converted  into  a  red  dye  by  the  united  action  of  air  and 
ammonia,  and  which  he  therefore  named  crythrin  (epuSpik,  red). 
On  boiling  with  a  solution  of  animoniiim  carbonate,  it  was  con- 
verted into  the  amorphous  crythrinMUer.  In  order  to  obtain 
erythrin  in  larger  quantities,  he  extracted  the  lichens  with 
alcohol,  but  found  that  the  erythrin  was  thus  converted  into  a 
similar  substance,  which  was,  however,  unsuitable  for  the  pre- 
paration ofthedye,and  which  he  named  jJSiwtfoeryiAHrt*  Healso 
found  rocellic  acid  in  the  lichens  which  he  examined  (Pt.  II.  p.  289). 

Kane,  however,  obtained  different  results ;  in  extracting  the 
lichens  with  hot  alcohol  he  obtained  a'ythryUn,  insoluble  in  water, 
and  a  soluble  crystalline  compound,  which  is  identical  with. 
pseiidoerythrin  and  is  not  an  accidental  product,  but  one  of  the 
moat  important  of  the  whole  series.  He  therefore  transferred 
the  name  erythrin  to  this  substance  and  assumed  that  Heerea's 
erythrin  was  a  mixture  of  erythrylin  with  other  bodies.  When 
its  solution  is  exposeil  to  the  air,  erythrinbitter  ar  arnarythrin 
ia  formed,  and  this  converted  after  several  months'  exposure  into 
crystalline  tckrythnn,  to  which  he  gave  this  name  in  contradlEh- 
tinction  to  erythrylin,  sinco  the  word  reXo?  denotes  the  end, 
and  vXt]  the  beginning  of  the  series.* 


I 

I 


Sclmnck  then  investigated  many  varieties  of  Lccanora  and 
Variolaria  from  the  Vogelsberg,  aud  found  in  theni  a  crystalline 
compound,  which,  like  Heeren'a  erylhrin,  is  converted  into  a  red 
dye  by  exposure  to  the  air,  but  has  a  different  composition,  and 
which  lie  therefore  named  lecaiwrin}  On  bolting  with  baryta 
water,  it  decomposed  into  carbon  dioxide  and  orcinol,  which  had 
already  been  prepared  from  these  species  of  lichens  by  Robiqiiet, 
while  on  boiling  with  alcohol  it  was  converted  into  Heeren's 
pseu  doerythrin.* 

Eoclileder  and  Heldt,  who  detected  lecanorin  in  Evcmia 
Pnijuistri,  showed  that  it  is  also  converted  into  pseudo- 
erylhrin  by  the  action  of  hydrocLloric  acid  and  alcohol; 
the  latter  substance  must  therefore  be  looked  upon  as  the  ethyl 
ether  of  lecanorin,  or  as  it  ia  more  suitably  called,  keaiuyric 

This  compound  was  then  carefully  examined  by  Schuuck,* 
who  also  submitted  the  substances  contaiued  in  Eocella  tinctoria 
var.  fucifm-niis  from  Madagascar  and  Angola  to  a  new  investiga- 
tion. The  most  important  of  these  is  erythric  acid,  which 
yields  the  colouring  matter.  This  is  so  readily  converted  into 
the  ethyl  ether  or  pseudoerythrin  by  boiling  with  alcohol,  that 
the  latter  is  always  obtained  when  the  lichens  are  extracted 
with  boiling  alcohol  This  compound  has  the  same  composition 
BB  ethyl-lecanoric  acid,  and  appears  to  be  identical  with  it — a 
fiict  which  admits  of  the  simple  explanation  that  erythric  acid  is 
a  copulated  compound  of  lecanoric  acid  and  orcinol.  On  boihng 
.with  alcohol,  orcinol  is  set  free  and  the  lecanoric  acid  combines 
with  the  ethoxyl  residue.^ 

&ythric  acid  is  converted  by  boiling  with  water  into  picro- 
trythrin,  the  properties  of  which  are  not  identical  either  with 
those  of  Heeren's  erythrinbitter  or  of  Kane's  amarythriu ;  they 
approach  most  closely  to  those  of  telerythrin. 

Stenhouse,  who  investigated  a  South  American  sample  of 
Sorella  titictorin,  found  in  it  a-orsellic  acid,  which  is  decomposed 
by  boiling  with  milk  of  lime  or  baryta  into  orcinol  and  a-oraellinic 
add,  while  Schunck'u  lichen,  which  is  M.  Montagnei,  contains 
erythric  acid,  which  yields  picroerythrin  and  erylhrelinvi  add, 
which  is  very  similar  to  a-orsellinic  ncid.  According  to  Schunck, 
jBcroerythriu  is  decomposed  by  boiling  witli  an  excess  of  lime  or 
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xli.  U<7. 
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baryta  into  carbon  dioxide  and  orcinol,  but  Steuhouse  lias  shown 
that  erythrogludn  is  also  formed.^ 

Stenhouse  also  discovered  a  fi-orsellic  acid  in  Rocella  tindoria 
from  the  Cape  of  Good  Hope,  but  this  was  shown  by  Gerhardt, 
who  was  subsequently  confirmed  by  Stenhouse  himself,  to  be 
identical  with  the  a-acid. 

In  "Remarks  on  the  Preceding  Communication/'  Strecker 
observes :  Stenhouse  has  made  us  acquainted  with  a  series  of 
acids  which  are  of  special  interest,  both  on  account  of  their  similar 
properties  and  analogous  reactions,  and  from  the  fact  of  their 
occurrence  in  the  same  plants.  It  is  for  this  reason  desirable 
that  the  changes  imdergone  by  these  compounds  should  be 
represented  by  formulsD,  and  for  this  purpose  it  is  necessary  to  sub- 
stitute new  expressions  for  some  of  the  empirical  fonnute  given 
by  Stenhouse,  since  the  former  agree  equally  well  with  the 
experimental  results  and  are  also  capable  of  representing  the 
decompositions  and  reactions  of  the  substances  in  question. 

a-Orsellic  acid,  then,  is  converted  into  two  molecules  of 
orsellinic  acid,  the  elements  of  water  being  taken  up : 

C,,H,,0,+H,0  =  2C8HA. 

The  former  can  also  form  orcinol  with  loss  of  carbon  dioxide : 

CioHj.O.  +  HgO  =  2C7H8O,  +  2CO2. 

The  conversion  of  orsellinic  acid  into  orcinol  takes  place  with 
the  separation  of  carbon  dioxide  : 

C,H,0,=C-H30,+C0^ 

Erythric  acid  is  resolved  into  picroerythrin  and  erythrelic 
acid,  which  is  undoubtedly  orsellinic  acid  : 

^20^22^10  +  ^2^  =  C12H10O7  +  CgHgO^. 

Finally,  picroerythrin  decomposes  into  carbon  dioxide,  orcinol 
and  crythroglucin : 

CijH„0, + H,0  =  COj  +  C^HgO,  +  C,H,„0,. 

He  adds  that  erythric  acid  can  yield  twice  as  much  orsellinic 
acid  as  given  by  the  equation,  but  St<?nhouse  considers  this  as 
improbable.     In  this  case  the  formula  of  the  former  would  be 

2CgH,0, + Ci.HgO^  =  2C„Hi,0, + H,0. 

^  Stenhouse,  Phil.  Trans,  1348,  63.  '  Ann.  CJum.  Phann.  IxviiL  108. 


ERYTHRIN  AND  PICBOERYTHBIS. 


^Oerhardt  came  to  the  concliisioD  that  orsellic  acid  has  the 
nrola  C,(,0,,Oy,  and  is  identical  with  lecanoric  arid,'  while 
fehunck  expressed  the  opiniou  that  the  ethyl  ether  of  orselHnic 
i  is  identical  with  that  of  lecanoric  acid,  just  as  is  the  case 
Btlk  erythrin  and  psendoerythrin.* 

J  Hesse  then  nndertook  a  new  investigation  of  these  lichen 
P'bstances.  He  ascertained  that  the  Angola  lichen,  which 
s  into  the  market  under  many  names,  is  Bucdla  fudformit, 
]  retained  Heeren'a  name  of  erythrin  for  the  chromogen  con- 
1  it,  since  it  scarcely  possesses  the  properties  of  an  acid. 
I  analysis  gave  him  results  in  accordance  with  Strecker's 
d  formula,  which,  however,  lie  doubled  and  wrote  Cj^Hj^O,,. 
B  acid,  ohtained  from  it  hy  decomposition  proved  as  Streckcr 
i  correctly  foreseen,  to  be  identical  with  orselhnic  acid.' 
I  Stenhouse  confirmed  these  observations,  and  adopted  the 
oae  formula  for  erythrin,  giving  ctjuations  to  explain  its 
Lges  and  decompositions,*  but,  in  spile  of  this,  Strecker's 
pt  formula  has  been  shown  to  he  correct. 

I  After  it  had  been  recognized  that  erythroglucin  or  erythrol 

ow  called,  is   an   alcohol,   Bertlielot   suggested  that 

rthrin   is   the   orseltinic   ether  of  this,   and   de  Luynes  has 

served  that  it  is  in  fact  the  di-acid  ether  of  this  alcohol,  picro- 

ytbrin  being  the  mono-acid  derivative.*     Orsellinic  acid  has 

proved  to  bo  a  dihydrosytoluic  acid,  and  the  compounds  in 

question  have,  therefore,  the  following  constitution  : 


m      Further  i 


Erythrin 
CHj.CflHj(0H)sC0.O. 

CH^C,H,C0H)sC0.0 


.C.HbCOH)^ 


Picroerythrin : 
CH,.C,H;{OH)jCO.OC,H„(OH)j. 


Further  investigations  conducted  by  Hesse  have  finally  decided 

that  the  archil  lichens  which  occur  in  commerce  consist  cliiefly 

of  two  species.     Rtxdla  fiidformis  (Acliarius)  comprises  those 

from  Lima,  Angola,  Mozambique,  Zanzibar  and  Ceylon;  this 

L«(Hitains  erythrin  alone,  while  Bocelia  tinctoria  (De  Candolie), 

'  Cimtpt.  Rend.  Chim.  184B,  127.  '  Phil.  Mag,  niiii.  21(1. 

"  At".  Chn>\.  Fhnrm.  c:tvii.  2!17.  *  rroc  Ray.  Soc  x'n.  283. 

'  Ann.  C7itm.  P/tarm.  cixxii.  3&5. 
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which  comes  from  Cape  Verde  and  the  neighbouring  islands, 
contains  a  chromogen,  lecanoric  acid,^  which  is  identical  with 
orsellic  acid. 

Stenhouse  remarks  on  this  point  that  the  South  American 
lichens  examined  by  him  are  also  BoceUa  iinctoria.  They  are 
sent  into  the  market  under  the  name  of  Valparaiso  lichens,  but 
are  seldom  exported  to  England,  while  the  Lima  lichens  (BoceUa 
fuciformis)  are  sent  there  in  large  quantities.' 

Lecanoric  acid  is  monobasic  and  stands  in  the  same  relation 
to  orsellic  acid  as  glycollic  acid  to  glycoglycoUic  acid  : 

yOK 
Cxij.CgH.2r— OH. 

\C0\ 

/O  / 
CHo.C«Har — OH 

'  '  Nco^H. 

2231  Ch'sellinic  acid,  CB^.C^B^(OB)jOO^n+Ilfi,  is  readily 
prepared  from  eiythrin  by  heating  it  on  the  water  bath  with 
baryta  water  until  barium  carbonate  commences  to  separate.  A 
few  drops  of  the  solution  are  then  tested  with  hydrochloric  acid 
at  short  intervals,  and  as  soon  as  a  gelatinous  precipitate  is 
no  longer  formed,  hydrochloric  acid  is  added  to  the  solution, 
the  orsellinic  acid  being  thus  soon  precipitated.  It  crystal- 
lizes from  acetic  acid  in  stellate  aggi*egates  of  needles,  and 
separates  from  dilute  alcohol  as  a  crystalline  mass,  which  is 
readily  soluble  in  water,  becomes  anhydrous  at  100**,  and  melts 
at  176°,  a  gradual  decomposition  into  carbon  dioxide  and  orcinol 
accompanied  by  violent  frothing,  taking  place.  The  same 
decomposition  occurs  on  boiling  with  water  or  alkalis.  Its 
aqueous  solution  is  coloured  purple-violet  by  ferric  chloride,  and 
gives  an  amorphous  precipitate  with  an  ammoniacal  solution  of 
lead  acetate. 

Barixim  orsellinate,  (CgHyOJ^Ba,  is  extremely  soluble  in 
water,  and  crystallizes  from  dilute  alcohol  in  hydrated  prisms, 
which  decompose  even  at  100°  with  formation  of  barium 
carbonate. 

Methyl  orsellinate,  C8H704(CH3),  is  formed  by  boiling  lecanoric 
acid  (Schunck)  or  erythrin  (Stenhouse)  with  methyl  alcohol,  and 
crystallizes  in  lustrous   needles,  or  flat,  pointed  prisms,  which 

^  Ann,  Chcm.  PJuxrm  cxxxix.  22.  ^  Joum,  Chcm,  Soc  v.  221. 
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i  readily   soluble  in    water.      It  dissolves   in  alkiilis  and   is 

precipitated  by  acids. 

t£ihyl  orscllinaU,  CgH^O/CsHj).    Tbe  formation  of  this  ether, 

piicb  was  described  by  Heeren  aa  paeudi«rythrin,  has  been 
iquently  referred  to  in  the  preceding  pages.  It  is  slightly 
luble  in  cold,  readily  in  hot  water  and  alcohol,  and  crystallizes 
i  needles  or  small  plates,  which  melt  at  132°.     Its  aqueous 

Uation  is  precipitated  by  lead  acetate. 

I  Amyl  orseUinaie,  C^O^^^^,'\a  prepared  by  boiling  erythrin 
\  amyl  alcohol.  It  is  scai-cely  soluble  in  water,  readily  in 
Bohol  and  ether,  from  which  it  crystallizes  in  vitreous  prisms, 
elting  at  76°.> 

I  Oreellinic  acid  is  decomposed  by  the  action  of  bromine  into 
1  dioxide  and  tribromorcinol ;  if,  however,  the  substances 
B  mixed  in  ethereal  solution,  substitution  products  are  formed. 

XS'Smyinorxllinic  add,  CgH^BrgO,,  is  slightly  soluble  in  hot 

nter,  readily  in  alcohol  and  ether,  and  crystallizes  in  small, 
liite  prisms;  its  alcoholic  solution  is  coloured  a  splendid 
irk  blue  by  ferric  chloride,  and  blood-red  by  bleaching  powder 

PhosjihorBcUinic  acid.  C^f,ll^^O^^.  When  orsellinic  acid  is 
gradually  heated  with  phosphorus  oxychloride  to  90° — 100°,  the 
liquid  becomes  coloured  brown,  violet-green,  and,  finally,  indigo- 
blue.  If  it  be  now  allowed  to  drop  into  ice  water,  phosphorsellinic 
acid  separatee  out,  and  may  be  purified  by  repeated  solution  in 
water  and  precipitation  with  hydrochloric  acid  or  conmion  salt. 
It  is  an  amorphous,  indigo-blue  powder,  which  takes  a  cupreous 
lustre  under  strong  pressure  and  readily  forms  deep  blue  solutions 
in  water  and  alcohol.  The  solution  in  20,000  parts  of  water  lias 
the  colour  of  a  concentrated  solution  of  copper  sulphate  and  a 
distinct  violet  colouration  is  visible  when  50,000  parts  of  water 
ore  employed.  It  dissolves  in  alkalis,  lime  water  and  baryta 
water  with  a  violet-red  colour ;  the  salts  of  the  heavy  metals 
produce  bluish  violet,  flocculent  precipitates. 

PhosphoTsellittanilide,  C,Ql{^(Cg}i^.Nlt)^Vfigi,  is  formed  by 
boiling  the  acid  with  aniline  and  alcohol ;  it  is  a  dark  violet 
powder,  which  is  insoluble  in  water,  but  forms  a  splendid  violet 
solution  in  alcohol.* 

223a  Lecanoric  add  or  Diorselliaic  acid,  C,flH,^Oj  -J-  H^O,  is, 
according  to  He=se,  best  prepared  from  tbe  R.  tinftoria  from  Cape 
Verda     The  lichens  are  extracted  with  ether,  and  the  greenish 
^»  Hesse,  Awn.  Chcm.  Phntm.  cixxi.t.  33.  '  .Ipliiff,  ihul.  ccxtv'iii.  BtL 
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white,  crystalline  residue  left  after  the  evaporation  of  the  ether 
dissolved  in  milk  of  lime,  filtereJ,  precipitated  with  sulphuric 
acid  and  crystallized  from  alcohoL  It  is  scarcely  soluble  in 
cold  water,  but  dissolves  in  2,500  parts  of  boiling  water,  more 
readily  in  alcohol  and  ctber,  and  crystallizes  in  needles  or 
prisms,  which  become  anhydrous  at  100°,  melt  at  153°,  and 
simultaneously  decompose  with  evolution  of  carbon  dioxide. 
The  alcoholic  solution  is  coloured  dark  purple-red  by  ferric 
chloride  and  is  not  precipitated  by  lead  acetate ;  copper  acetate, 
however,  produces  a  pale,  apple-green  precipitate  on  standing 
(Schunck).  It  reduces  ammoniacal  silver  solution  on  heating,  and 
is  converted  on  boiling  with  water  into  orsellinic  acid,  and  with 
alcohol  into  its  etber. 

Barium  lecanorate,  (CiflH,jOj)gBa,  separates  from  hot  alcohol 
in  small,  star-shaped  aggregates  of  needles. 

Substitution  products  are  formed  hy  the  action  of  bromine  on 
an  ethereal  solution : 

Dtbromolecanoi-ic  acid,  Ci^Hj^Bi-jO,,  small  white  prisms    .     IT^^" 
Tetrabromolecanoric  acid,  G,gHj(,BrjO,,  pale  yellow  prisms    1.&T° 

Both  these  bodies  evolve  carbon  dioxide  on  fusion;  tlm.*3ir 
alcoholic  solutions  are  coloured  purple-red  by  ferric  chloride  t»-:Kad 
blood-red  by  bleaching  powder  (Hesse). 

Ei-ytkrin,  'i.Gs^^0^g  -f  SHjO.  In  order  to  prepare  this  a-»jT»- 
stance,  1  part  niR.fuciformis  is  macerated  for  twenty  minutes  \(r-:3-*n 
10  parts  of  milk  of  lime  containing  l^O  per  cent,  of  lime,  filte:*"*^ 
and  precipitated  immediately  with  hydrochloric  acid.  The  ^x"*" 
sidue  is  treated  a  second  time  with  milk  of  hme,  which  is  tlr^^" 
employed  for  the  extraction  of  a  new  quantity  of  lichen.  tT*^^ 
precipitate  is  rediasolved  in  milk  of  lime,  the  filtrate  treated  w"^-  *" 
carbon  dioxide  and  the  precipitated  mixture  of  calcium  carhon.**-^^ 
and  erythrin  gently  warmed  with  alcohol;  hot  water  is  tt:»*^° 
added  to  the  solution  until  a  permanent  turbidity  is  produc?^^'*^' 
The  erythrin  separates  on  cooling  in  spherical  crystalline  maa^*^^' 
which  become  anhydrous  at  100°  and  melt  at  137°.  It>  ** 
slightly  soluble  in  cold  water,  with  difl^culty  in  ether,  t^  "** 
readily  in  alcohol ;  ferric  chloride  added  to  the  alcoholic  solut."*  ^^" 
produces  a  purple-violet  colouration,  which  changes  on  furt't*-  *' 
addition  to  &  brownish  red  precipitate, 

PiiTotrythrin.  0^11,^0,  +  ZB.fi.  is  the  first  product  of  fc*/® 
deL-om position  of  erythrin  by  boiling  water,  alcohols  or  alkiiJ  »|M 


Tien  erythrin  is  dissolved  in  inilk  of  lime  it  decomposes  in  the 
course  of  &  day  or  two  with  foimation  of  picroerythrin,  which  is 
also  obtaiDed  piire  when  erythrin  is  boiled  for  some  hours  with 
amy]  alcohol.  It  crystaiUzes  in  silky  prisms,  which  readily 
effloresce,  melt  at  158°  and  have  a  slightly  sweet  and  intensely 
bitter  taste.  It  is  eKceptionaJIy  soluble  in  hot  water  and  under- 
goes no  change  when  boiled  with  absolute  alcohol  Ferric 
chloride  produces  a  purple-violet  colouration. 

3233  In  connection  with  these  compounds,  the  following, 
■which  are  to  some  estent  homologous  with  them,  may  be 
mentioned  here. 

Hcernic  and,  C[jH,gOj.  According  to  Rochleder  and  Heldt, 
lecanoric  acid  occurs  in  Evemia  Prunastri ;  Stenhouse,  how- 
ever, could  not  detect  it  in  lichens  grown  in  Scotland,  but  found 
in  them  evemic  acid,  together  with  usnic  acid,  CjjHjgOj,  thus 
proving  either  that  the  German  and  Scotch  lichens  contain 
different  compounds,  or,  what  is  much  more  probable,  that  the 
German  chemists  had  not  investigated  the  true  Evcrnia  Pni- 
iiaiUri,^  a  view  which  is  supported  by  the  fact  that  Hesse,  who 
examined  this  hchen  collected  in  various  parts  of  Germany, 
always  found  evernic  acid  in  it.* 

It  is  almost  insoluble  in  water,  but  dissolves  easUy  in  alcohol,  and 
crystallizes  in  spherical  ag^egates  of  needles,  which  melt  at  164". 

Eveniinia  acid,  CgH^^Oj,  is  formed,  tt^ether  with  carbon 
dioxide  and  orciuol,  when  evemic  acid  is  boiled  with  hme  water 
or  baryta  water.  It  is  tolerably  soluble  in  hot  water,  readily  in 
alcohol,  and  crystallizes  in  flat,  lustrous  needles,  resembling 
those  of  benzoic  acid.  It  melts  at  159°,  and  on  further  heating 
emits  a  penetrating  odour  and  yields  a  colourless  sublimate. 
Ferric  chloride  colours  the  aqueous  solution  violet, 

Barhftlie  add,  C,gHjjOj.  This  substance,  which  stands  in 
the  same  relation  to  homorcinol  (p,  402)  as  evemic  acid  to 
orcinol,  occurs  with  usnic  acid  in  ITsnca  barbata.  It  crystallizes 
from  benzene  in  long  plates,  needles,  or  short  prisms,  which 
melt  at  168°,  and  decompose  at  a  higher  temperature  with 
ffolution  of  carbon  dioxide  and  formation  of  homorcinoL' 
I  ^-Si-ytJirin  or  Homo-erytkHn,  C^HojO,o+HjO.  was  discovered 

1  a  stuntfid  specimen   of   B.  fud/ormis.*     It    crystallizes   iu 

„,..i.  Clum.  Phana.  Ixviii.  8S  :  dv.  66.  '  Ibid.  ovii.  2»7, 

■  *  Sionhonsc  wid  Oroves,  Jmirn.  Ohem.  Soc.  ISSO,  J07. 

•  Meiwcbmkin,  Hall.  Soe.  Chini.  [2]  ii.  424  1  Lampartpr,  Anu.  Chcm.  Pffnu. 
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concentrically  arranged  needles,  which  are  very  readily  soluble  in 
alcohol.  On  boiling  with  baryta  water  it  is  resolved  into  carbon 
dioxide,  erythrol  and  homorcinol : 

CiaHieOe  +  2H.0  =  CO,  +  C,H,oO,  +  G^B.,,0^ 

It  is  not  homologous  with  picroerythrin,  but  is  the  anhydride 
of  such  a  compound,  which  would  probably  have  the  following 
constitution  : 

/CO.O. 
(CH3),CeH(0H)/  >C,H,(OH),. 

\     O  ^ 

Picrorocellin,  CgyH^gNgOg,  was  found  along  with  erythrin  by 
Stenhouse  and  Groves  in  a  variety  of  R.  tinctoria  which  pro- 
bably came  from  western  Africa.  It  is  insoluble  in  water, 
tolerably  soluble  in  hot  alcohol,  and  crystallizes  in  long,  lus- 
trous prisms,  which  melt  at  192** — 194°,  and  have  an  intensely 
bitter  taste.  On  oxidation  with  chromic  acid,  benzoic  acid  is 
obtained  together  with  a  liquid  smelling  like  benzaldehyde. 
On  dry  distillation  it  yields  water,  ammonia,  and  xanthorocMin, 
C21H17N2O2,  which  is  also  obtained  by  heating  picrorocellin  with 
dilute  acids,  and  crystallizes  from  alcohol  in  long,  yellow  needles, 
melting  at  183°.i 

2234  Fara-orscllinic  acid,  CgH2(CH3)(OH)2C02H  +  H^O,  is 
prepared  by  heating  orcinol  with  4  parts  of  ammonium  car- 
bonate and  4  parts  of  water  for  10 — 15  hours  to  the  boiling- 
point  of  amyl  alcohol,^  or  by  passing  carbon  dioxide  over  the 
potassium  compound  of  orcinol  at  250° — 260°.^  It  crystallizes 
from  dilute  alcohol  in  fine,  hard  needles,  which  dissolve  in 
about  660  parts  of  cold  water ;  the  solution  is  coloured  blue  by 
ferric  chloride.  On  heating  the  acid  it  loses  water  at  1 00°  and 
commences  to  melt  at  about  150°  with  evolution  of  carbon 
dioxide,  which  is  also  given  off  when  the  acid  is  simply  boiled 
with  water ;  on  dry  distillation  it  decomposes  completely  with 
formation  of  orcinol. 

BaHum  para-orsellinatey  (C8H704)2Ba+6H20,  crystallizes  in 
four-sided  tablets,  which  are  readily  soluble  in  water. 

Paraphosphorscllinic  acid  is  formed  as  a  chromegreen  powder 
by  heating  para-orsellinic  acid  with  phosphorus  oxvchloride 
(p.  433). 

1  Ann.  Ch^ym.  Pluirm.  clxxxv.  14. 

»  Hriinucr  and  Senhofer,  Monaish.  xiii.  1643. 

«  Schwnrz,  Bcr.  Deutsch.  Chem,  Gas.  xiii.  1643. 
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ncul,  CaH,(CHs)C0H),C0jH  +  H50.  is 
formed  whfU  cresorcinol  is  heated  in  a  small  flask  with  i  parts 
of  potassium  oi  sodium  bicarbonate  for  half  an  honr.  It  is 
slightly  soluble  in  cold,  readily  in  hot  water  and  alcohol,  and 
crystallizes  in  very  long,  thin,  lustrons  prisms,  which  lose  their 
water  at  100°  and  melt  at  208°  with  decomposition.  Its  solution 
is  coloured  bluish  violet  by  ferric  chloride  and  is  not  precipitated 
by  lead  acetate.^ 

Cresorsellinic  acid,  C„H^CH:0COH)jCOgH  (1  :2:4;6),  is  pre- 
pared by  fusing  disulphorthotoluic  acid  with  caustic  potash.  It 
is  slightly  soluble  in  cold,  readily  in  hot  water,  and  crystaUizes  in 
long,  hard,  vitreous  needles,  which  melt  at  245°.  It  reduces 
ammoniocal  silver  solution  on  heating  and  Fehling's  solution  on 
boiling;  its  aqueous  solution  is  coloured  dark  brown  by  ferric  salts, 
a  ferrous  compound  being  formed.  On  heating  with  sulphuric 
acid  the  liquid  assumes  a  splendid  stable  magenta  colour ;  water 
precipitates  from  it  yellow  flocks,  which  form  an  intense  golden- 
yellow  solution  in  alkalis.  It  therefore  gives  a  similar  reaction 
to  that  which  is  characteristic  of  the  analogous  o-resorcylic  acid 
(p.  358).  When  it  is  heated  to  220°— 225°  with  hydrochloric 
acid,  dark  flocks  separate  out,  which  form  a  reddish  brown 
solution  in  alcohol ;  on  the  addition  of  a  little  alkali,  the  liquid 
takes  a  splendid  dark  green  fluorescence,  which  disappears  when 
an  excess  of  alkali  is  added,  a  deep  purple-red  solution  being 
formed.  Cresorcinol  ts  formed  when  the  acid  is  distilled  with 
elakod  lime.^ 

Three  carboxylic  acids  are  derived  from  cresorcinol : 


COjH  COjH  CO,H 

chI 


CHgl^^l  CHjl\/J  OH^^Jo 


OH 

The  last  of  these  exprcasea  the  constitution  of  cresorsellinic 
acid,  which  is  a  derivative  of  ortbotoluic  acid.  The  second 
probably  represents  that  of  creaorcinolcarbosylic  acid,  since  the 
readiness  with  which  it  is  formed  supports  the  conclusion  that 
the  carboxyl  takes  up  the  same  position  iii  the  nucleus  in  the 
case  of  cresorcinol  aa  it  does  in  the  analogous  formation  of 
^-resorcylic  acid  from  resorcinol  (p.  359). 
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Tae     i.n.srinmon   .f  panw>nieilinic  acitL  :iiiJ  riier»?fere  thac  of 
>raeLliiiic  icui,  follows  tTDm  nhese  <^oiiaicienitioiis    Koatanecki  : 


OB:        OH  Ctt,^  ^  OH 

2*35  Bymr^kyfirfxvymiie^u!    acid,    C^CH^rOHXO.H,  is 
pTRpAml  hv  heating  44)  grma.  of  tnlnqiiniol  fiir  tiurtrp^GL  hems 
in  a  hath  ot    oil  of  tnrpoitme  wrdi  134)   OTma    of  potesaom 
bicarhonare.    110    i^ca.   of  water,   and   ■!•)    cca.   of    a   atnnted 
solution  of  potaasimn  soiphite.     It  diasohnes  ni  1,366  parte  of 
water  it  ^'*.  nn^re  readily  in  hot  water,  and  cnrstaDiaes  from 
.iilnte  ucohol  in  micmacopic,  acute  rfaomlHc  plates^  while,  when 
prepar^l  from  the  ammoniacal  sdt  hj  fsecipitatioii  with  hydro- 
chloric aeiii,  it  separates  as  a  crystalline  powdi^r  containiDg  half 
a  molecule  of  water.     F<otc  chloride  produces  an  aznre-hlue 
colouration,   which  passes  into  a  beantifiil  gre«i  on  standing 
or  on  the  addition  of  an  exces  of  the  chloride ;   it   reduces 
Fehlingr  '^  3«Antirjn  on  warming,  but  a  neutral  silver  solution  in 
the  colli.     It  19  decomposed  at  210" — ^2ff  into  carbon  dioxide 
and  Vjlnquinol.^ 

Barium    hr/m.oht/^ran^linflaU,    ^C^H^O^^Ba  -j-  ^H^O,   forms 
fine  prismatic  needles,  readily  soluble  in  water. 

Cnrjsujkarhocn/nj:  and,  C^H^rCHj^VOCHj)  ;OH)CO^  (1:3:4:5). 
According  to  the  researches  of  Kostanecki,  only  those  phenob 
which  contain  hydroiyl  groups  in  the  meta-position  are  con- 
verter! into  carboxylic  acids  by  boiling  with  the  alkali  bicar- 
bonates,  and  as  creosol  does  not  belong  to  this  class  of  bodies, 
the  corresponding  acid  is  prepared  by  adding  sodium,  warming 
gently  and  r>aaaing  in  a  current  of  carbon  dioxide. 

(Veosolcarboxylic  acid  crystallizes  from  a  mixture  of  chloroform 
andbenzf^ne  in  concentrically  arranged  needles,  which  melt  at 
lHif—\HT  and  sublime  when  carefully  heated.  It  is  readily 
flolublo  in  alcohol,  ether  and  chloroform,  but  only  sUghtly  in 
water  and  scarcely  at  all  in  benzene  and  petroleum  ether ;  its 
solution  is  coloured  deep  blue  by  ferric  chloride.  The  barium 
salt  crystallizes  in  small,  anhydrous  needles,  which  are  only 
slightly  solubl'J  in  water. 

nner,  Monalsh.  Chem,  il.  458. 


Mfthyl  creosoknrhojylatf.  0aH/CHJ(OCH,)(OH)C0i.CH,. 
fomis  small,  rhoDibic  prisms,  melia  at  Qi'  a»d  gives  a  bluish 
green  colouration  with  ferric  chloride.' 


boL 
^cca 


<CHyOH 
CH^OH 

3236  OrihfKnf Iff  lent  alcohol  was  first  prepared  by  the  action  of 
sodium  amalgam  on  a  boiling  solntion  of  pbtbaljl  chloride, 
C^H^.C^OgCIj  (p.  458),  in  glacial  aceUc  acid,  and  named  phthal- 
alcohol^  It  is  also  obtained  by  boiling  its  bromide  with  asolutiou 
of  sodium  carbonate '  or  potassium  carbonate.*  It  is  tolerably 
soluble  in  water,  readily  in  alcohol,  and  crystallizes  in  rhouibic 
tablets,  which  have  a  bitter  taste  and  melt  at  Ot-5°,  Concentrated 
sulphuric  acid  imparts  to  tlicm  a  red  colour  and  then  converts  them 
iuto  a  resinous  mass.  Potassium  pemianganate  or  chromic  acid 
oxidize  it  to  phthalic  acid,  while  it  is  reduced  to  ortbosylenc  by 
heating  with  hydriodic  acid  and  amorphous  phosphorus. 

Ortha;cylyltne  ethyl  ether,  CoH,(CHjOCjHs}j,  is  obtained  by 
boiling  the  bromide  with  alcoholic  potash,  and  is  a  very  pleasant- 

lelling,  oily  liquid,  which  boils  at  247° — 249°  (Leserj. 

OHhoxylffUne  chloride,  CjH,{CHjCl)g,  is  formed  when  ten 
of  orthoxylene  are  heated  to  190°  with  35  grms.  of  phos- 
pbonis  peutachlorirle,^  as  well  as  by  heating  the  alcohol  with 
hydrochloric  acid,  and  separates  from  ether  in  crystals,  which 
melt  at  54'8°  and  readily  sublime.  Its  vapour  attacks  the  eyes 
witli  great  violence. 

Raymanu,  by  the  action  of  chlorine  on  boiling  orthoxylene, 
'(^)tained  an  isomeric  substance,  which  crystallizes  in  tablets  and 
[loelts  at  103°.*  These  properties  correspond  with  those  of 
ylyleno  chloride,  and  the  hydrocarbon  employed  by  Ray- 
must  have  contained  paraxylene,  which  is  much  more  readily 
attacked  by  chlorine  and  bromine  than  its  isomerides.  This 
property  can  be  made  use  of  to  detect  even  traces  of  paraxylene 
in  the   presence   of   the    ortho-  and   meta-  compoimds ;    the 

'  Wende,  Ber.  DnUtch.  difm.  Oes.  xix.  232*.  '  Hcswrt,  ibiJ.  Jii.  642. 

■  B&efer  tmd  Perkin,  ivii.  122. 

*  OtOsoD,  Jn».  Chim.  Phyt.  [II]  vi.  104, 

*  Colwm  uid  Qantisr,  BitU.  Soe.  Chin 


xlv.  6  ;  Colaon,  Jnn.  CMm.   Phy).  [8] 


■  Svlt.  Soe.  Chim.  x 
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mixture  is  treated  at  the  boiling  point  witli  sufficient  bromine 
to  form  the  monobromo-derivatives ;  any  paraxylene  present  is 
converted  into  paraxylylene  bromide,  which  separates  out  on 
cooling.* 

Orikoxylylene  hromuh,  C(|H^(CHgBr)g  is  obtained  when  or- 
thoxylene  is  heated  with  the  calculated  quantity  of  bromine  to 
150° — 155°,  or  when  the  latter  is  allowed  to  drop  into  the  boil- 
ing hydrocarbou,  the  temperature  being  gradually  raised  to  180°. 
It  is  also  formed  when  orthoxylene  is  treated  with  bromine  in  the 
sunlight,^  and  crystallizes  from  chloroform  in  splendid,  rhombic 
pyramids,  which  melt  at  94'9°,  and  dissolve  in  5  parts  of 
ether. 

Orlhorylyloie  iodide,  CjHj{CHJ)^,  is  prepared  by  heating  the 
alcohol  with  phosphorus  and  hydriodic  acid,  and  crystallizes 
from  ether  in  splendid,  well-formed  yellowish  prisms,  melting  at 
109°— 110°.' 

Orthoxylylene  ncclate,  CgH/CHjO.CO.CHj)^,  is  formed  by  the 
action  of  acetyl  chloride  on  the  alcohol ;  it  is  a  crystalline  mass, 
which  melta  at  37"  and  boils  without  decomposition. 

Orthoxylylene  tulvhide,  C.H.<'  >S,  ia  obtained  by  beating 

the  bromide  with  an  alcoholic  solution  of  potassium  sulphide, 
and  is  a  colourless  liquid  which  smells  like  morcaptan  and 
solidifies  in  large  crystals  at  about  0°  (Leser). 

Dipkenylortkoxylylciiediamine,  CuH/CHj.NH.CoHj)^,  is  pre- 
pared by  the  action  of  aniline  on  the  bromide.  It  crystallize*' 
from  alcohol  in  small  plates,  melting  at  172°,  and  dissolves  in 
concentrated  hydrochloric  acid,  but  is  repreci  pita  ted  by  water. 

Metaxyli/lene  alcohol,  CaH,(CHj.OH)j.  This  compound,  which 
is  also  known  as  isopkthalalcohol,  is  prepared  by  heating  the 
bromide  with  a  solution  of  carbonate  of  jxitassium.  It  ia  readily 
soluble  in  water  and  separates  from  ether  as  an  oily  liquid, 
which  solidifies  to  microscopic,  twinned  crystals,  melting  at 
46°— 47°.* 

Metaxylyltne  ethyl  ethtr  is  obtained  by  heating  the  bromide 
with  alcoholic  potash,  and  is  an  oily  liquid,  which  boils  at 
247° — 249°,  and  is  oxidized  by  chromic  acid  to  isophthalic  acid.' 

'  Eadaarowaki  itnd  Winpok.  Bcr.  Devlsch.  Chem.  Qa.  »vjii.  1279. 
'  Schramm,  ^id.  xviii.  1273. 
>  L«sur,  tiut.  xvii.  1824. 

•  Colson,  Amt.  Chim.  Phya.  [fl]  vi.  lOB. 

*  W,  H.  Perkin,  jiin,.  Private  coDUnumcaliou. 
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Metuxyliflene  chloride,  C^Hj(CH,Cl)j,  is  prepared  by  heating 
he  alcohol  with  hydrochloric  acid  (Colson);  it  is  also  formed 
rhen  inetaxylene  is  heated  with  phosphorus  peotachloride, 
he  yield  being,  however,  very  pour  (Colson  and  Qautier).  It 
Ijstallizea  in  pointed  prisms,  melts  at  3i°  aad  boils  at  250° — 

Mctaxi/lylene  bromide,  CjHj(CHjBr)j.  forms  long,  prismatic 
ilea,  melting  at  77°,  and  is  obtained  by  heating  metaxyleno 
bromine  (Cobou,  Radziszewski  and  Wispek),  as  well  as 
■  bringing  these  two  substances  together  in  the  sunlight 
Bchramm). 
I'ara^lyleiK  ahohol,  C^^GH.^.OTi\,  was  prepared  by  Gri- 
»aux  by  heating  the  chloride  or  bromide  with  30  parts 
E  water  to  170° — 180°,  and  was  named  tollyhnt  glycol}  It 
tystallizes  in  lustrous  needles,  which  melt  at  112° — 113°,  are 
sadily  soluble  in  water,  alcohol  and  ether,  and  are  converted  by 
sidatioQ  into  terephthalic  acid. 
Faraxylykne  mono-dhyl  ether,  C5H,(CH,.0H)CHj.0.C^j,  is 
med  when  the  chloride  is  heated  with  alcoholic  potash ;  it  is 
,  pleasant-smelling  liquid  which  boils  at  250° — 252°.' 
Paraxylylethe  chloride,  C„Hj(CHjCl)j,  is  prepared  by  the  action 
r  chlorine  on  boiling  paraxylene,*  or  by  heating  the  alcohol 
rith  hydrochloric  acid.  It  may  also  be  obtained  in  a  similar 
lanner  to  the  ortho-com pound  by  heating  paraxylene  with 
ihosphorus  pentachloride  (Colson  and  Gautier).  It  crystallizes 
rom  alcohol  in  pointed,  rhombic  tablets,  melts  at  IOC  and 
boils  with  decomposition  at  240° — 250°, 

Paraxylylcne  bromide,  CuHj(CHjBr)2.  is  obtained  by  passing 

bromine  vapour  into  paraxylene  or  by  heating  the  alcohol  with 

hydrobromic  acid ;  it  boils  at  240° — 250°,  and  crystallizes  from 

chloroform  in  plates,  which  melt  at  143o°,^  and  dissolve  in  about 

H^  parts  of  ether. 

^b  Paraxylyleiic  iodide,  CflH,{CHjI)j,  ia  prepared  by  heating  ihe 
HDcohol  with  bydriodic  acid ;  it  forms  fine  needles,  which  melt 
^*ftt  170°,  and  rapidly  become  coloured  yellow  in  the  air. 

Faraa^lylene  acetate,  CoH^(CHg.O.CO.CHg)j,  is  formed  when 

the  chloride  is  heated   to  150°  with  an  alcoholic   solution  of 

iium  acetate.     It  is  readily  soluble  in  aIc{ihol  and  ether,  and 


»  Butt.  See.  Ckim.  xliii.  8.  ^  Ann.  Cli 

•  Orimanx,  Bull.  Sot.  Chim.  xvl.  1!)3, 

•  Grinuux,  Zeilaehr.  OAjih.  18*17,  381. 

•  Railiiuewski  luid  Wispok,  y?cr.  Deiiheh.  Chaa.  On.  j 


1.  Pharm.  civ.  338, 
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crystallizes  from  the  latter  in  hard,  lustrous  plates,  which  have  a 
pungent,  camphor-like  taste,  and  melt  at  47**. 

Faraxylylene  monobenzoate,  CgH^.(CH2.0CO.CgH5)CH2.0H,  is 
obtained  by  heating  the  chloride  with  an  alcohoUc  solution  of 
sodium  benzoate,  and  crystallizes  in  long,  thin  needles,  melting  at 
73-_74^ 


HYDROXYMETHYLBENZOIC  ACIDS, 

\CHj.OH 

2237  These  compounds  are  isomeric  with  the  hydroxytoluic 
acids,  from  which  they  differ  in  being  alcohols  while  the  latter 
are  phenols. 

Parahydroxymethylbenzoic  dcid  was  prepared  by  Dittmar  and 
Kekul6,  who  named  it  oxymethylphenylformic  acid,  by  heating 
paratoluic  acid  with  bromine  at  160"* — 170^  and  boiling  the 
product  with  baryta  water.  It  crystallizes  in  white  plates  or 
flat  needles,  which  are  more  readily  soluble  in  water  than  para- 
toluic acid,  melt  a  few  degrees  higher  and  sublime  in  feathery 
needles.^ 

Grtliohydroxymethylhenzoic  add  was  first  prepared  by  Hessert^ 
who  named  it  *'  Bcnzolorthoalcohohdure"  by  the  action  of  alkalis 
on  phthalide,  which  is  its  anhydride.  Acids  precipitate  it  as  a 
fine  powder,  which  is  slightly  soluble  in  cold  water,  readily  in 
alcohol,  has  a  strongly  acid  reaction,  and  melts  at  118",  being 
thus  converted  into  the  anhydride,  which  is  also  formed  when 
the  acid  is  simply  boiled  with  water. 

Silver  orthohydroxymcthylhenzoatCy  CgHyOgAg,  crystallizes  from 
water  in  small  octohedra. 

Phthalide,  CgHgOg,  was  obtained  by  Kolbe  and  Wischin,  who 
prepared  it  by  the  action  of  zinc  and  hydrochloric  acid  on 
phthalyl  chloride,  CgH^OgCU,  and  named  it  phthaialdchyde, 
CgH^(C0H)2.*  It  is  also  formed  by  the  action  of  phosphorus 
and  hydriodic  acid  on  the  chloride,^  and  when  orthoxylidene 
chloride  is  boiled  with  water  and  lead  nitrate.*  Hessert  has  proved 

^  Ann.  Chcm.  Phann,  clxii.  337. 

*  Zeitsehr.  Chcin.  1866,  316. 

'  Baeyor,  Ber.  DeiUach.  Ch^m.  Oe^.  x.  123. 

*  Raymann,  Bull,  Soc.  Chim.  x.  1180. 
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that  it  is  not  the  aldehyde  of  phthalic  acid  but  the  anhydride  or 
lactone  of  the  preceding  compound.^  Its  formation  was  explained 
by  the  following  reactions : 

.COCl  .CH^OH 

C,H,<  +  4H  =  C«H,<  +  Ha 

\coa  ^COCl 

C,H ,<  =  CeH  /         >0  +  HOI. 

^COCl  \  CO  ^ 

It  has  since  been  shown  that  phthalyl  chloride  has  not 
the  constitution  assumed  above  (p.  460),  and  the  formation  of 
phthalide  is  now  represented  much  more  simply : 

CfiH.C  >0  +  4H  =  CM,{         >0  +  2HC1. 

\co/  \co/ 

This  is  confirmed  by  the  observation  of  Hjelt,who  found  that  it 
is  also  obtained  when  bromine  is  passed  into  orthotoluic  acid  heated 
to  140** ;  the  brominated  acid  which  is  first  formed  being  decom- 
posed as  follows : ' 

yCHjBr  /CHav 

CeH,<  =  CeH  /  >0  +  HBr. 

\CO.OH  \  CO  / 

It  crystallizes  from  boiling  water  in  needles  which  smell  like 
cinnamon,  melts  at  TS"*  and  boils  at  290''  (Grabe).  It  does  not 
combine  with  hydroxylamine,*  gives  no  compounds  with  the  acid 
sulphites  of  the  alkalis  and  does  not  reduce  ammoniacal  silver 
solution  (Hessert).  It  is  oxidized  to  phthalic  acid  by  alkaline 
permanganate,  while  it  is  reduced  to  orthotoluic  acid  on  heating 
with  phosphorus  and  hydriodic  acid,  and  to  orthoxylene  together 
with  a  little  toluene  by  heated  zinc  dust. 

M(mobromophthalide  is  formed  by  the  action  of  bromine  vapour 
on  heated  phthalide ;  it  crystallizes  in  plates,  melting  at  86^  and 
is  converted  into  phthalaldehydic  acid  (p.  447)  when  heated  with 
water ;  it  has,  therefore,  the  following  constitution  :  * 

/CHBr 

CeH,<(    >  O. 

\co 

*  Ber,  Deutseh.  Chem,  Qes.  x.  1445  ;  xi.  237.  '  Thid.  xix.  412. 

•  Lftch,  ibid,  xvi.  1782.  *  Bacm^,  ibid.  ^Viu  ni'^. 
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I>ibromcp}Uhalide,  CgH^BrjO,,  is  obtaiiied,  together  with 
dibromonaphthoquinone,  by  the  oxidation  of  o-dibromo- 
naphthalene  with  chromic  acid,  and  crystallizes  from  boiling 
alcohol  in  hard,  white  prisms,  which  sublime  in  needles  and  melt 
at  187*5'' ;  it  does  not  reduce  ammoniacal  silver  solution  and  only 
dissolves  slowly  in  boiling  caustic  soda  solution.^  It  has  the 
following  constitution : 

CBr 

//\ 
HC        C— CH, 

I       II      >o. 

HC        C—  CO 

^/ 
CBr 

Guareschi  obtained  dichlorophthaUde  in  a  similar  manner 
from  dichloronaphthalene ;  it  resembles  the  bromine  compound, 
and  melts  at  163^* 

Eydrophthalide,   CgHgOj,  is  formed  together  with  phthalyl- 

pinacone,  CigHigO^,  by  the  action  of  sodium  ft.Tn5ilg«.Tn  on  an 

acid   solution   of  phthalide,  and  is  a  syrupy   mass,  extremely 

soluble  in  all  solvents ;  it  probably  has  the  following  constitution 

(Hessert) : 

.CHg 
CeH  /  >  0. 
\CH.OH 

Phthalimidinc,  CgH^NO,  is  obtained  by  heating  phthalide 
with  zinc  ammonium  chloride,  or  by  treating  it  at  its  boiling- 
point  with  ammonia : 

.CO  .C=NH 

CeH,<    >  0  +  NH3  =  CeH  /  >  0      +  H,0. 


CH2  \CH 


It  may  be  more  simply  prepared  by  the  action  of  tin  and 
hydrochloric  acid  on  phthalimide,  CgH^(C202)NH.  It  is  readily 
soluble  in  alcohol  and  hot  water,  crystallizes  in  prisms  or 
needles,  melts  at  ISO"*  and  boils  at  337^  When  sodium 
nitrite  is  added  to  its  solution  in  hydrochloric  acid,  yellow 
needles  of  nitrosophthalimidine  separate  out ;  they  melt  at  156 

'  Ounreschi,  Ann.  Chf.m.  Phamn.  ccxxii.  282. 
3  Bcr.  DetUsch,  C/um.  Ges.  xix.  1165, 
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and  are  rapidly  converted  into  ortliohydrosyiDeUiylbenzoic  add 
by  tbe  action  of  aqueous  caustic  soda : 

,C=N-NO  /CO,N:a 

CjH/    >0  +XaOH  =  C,H,<  +N- 

HydrQcUoric  acid  precipitates  either  the  free  acid  orphthalide 
from  this  solution  according  to  the  temperature,  and  the  latter 
substance  is  in  fact  most  conveniently  prepared  in  this  way  from 
pbthalimide,  which  can  itself  be  readily  obtained  from  phthalic 
acid.^ 

MeihylpUhalimidine,  CgHgOCNCH,),  is  formed  by  the  action 
of  tin  and  hydrochloric  acid  on  methytphthalimide,  and  is  readily 
soluble  in  water,  alcohol  and  ether,  from  which  it  crystallizes  in 
large  tablets,  melting  at  120°;  It  boils  without  decomposition  at 
about  300°.* 

Pheni/lphihalimidiiu  or  P/UhalUif-anil  is  prepared  by  heating 
phthalide  to  200°— 220'  with  aniUne ; 

/CO  ,  ,C=N.C.H. 

C.H,<        >o  +  h^.c.h.  =  c.h/  >o       +H,0. 

It  cryatallizea  from  alcohol  in  silvery  plates,  melting  at  160' 
(Hesaert). 

Phthatidehi/draside, CjJl^'Nfi/isformed  by  heating  phthalide 
with  phenylhydrazine  for  some  time  : 

/CH„  yrCH, 

C,H,<    >0  +  N,H3.CBH6=CaHX    >0  +H,0. 

^CO  \C=zN,H.C«Hs 

It   crystallizes   from   hot  water  or   alcohol   in   needles,  which 
possess  a  silver  lustre,  and  melt  at  166°.* 

Paranitropldhalide,  CgHj(N0g)0j,  is  prepared  by  dissolving 
20  grms.  of  phthalide  in  200  grms.  of  sulphuric  acid,  and 
running  in  a  solution  of  rather  more  than  the  calculated 
quantity  of  potassium  nitrate  in  80  grms.  of  sulphuric  acid,  the 
solution  being  well  cooled  during  the  operation.  It  forms  long, 
colourless  needles,  which  melt  at  141°.  and  are  almost  insoluble  in 
cold  water,  but  dissolve  slightly  on  boihng,  more  readily  in  alcohol, 

'  Grabe,  Btr.  IkvUdi.  Chem.  Oa.  ivii.  2598  ;  lyiii.  H08. 

'  Grtbeaiicl  Piolut,  ibid,  xriii.  1173. 

'  V.  Moytr  and  Milnchmeyor,  tiii>l.  xix.  1708  and  2182. 


446  AROMATIC  COMPOUNDS. 

and  readily  in  benzene.  Alcoholic  potash  pi-oduces  a  charac- 
teristic violet  colouration,  while  aqueous  potash  forms  a  yellow 
solution.  Dilute  sulphuric  acid  precipitates  paranitrohydroxy- 
methylbenzoic  add,  CQH.2{liiO^{GB^.OW)GO^,  from  the  cool 
solution.  This  body  crystallizes  in  microscopic  needles  united 
in  stellate  forms,  and  is  extremely  soluble  in  ether,  readily  in 
alcohol  and  hot  water.  It  melts  at  129^  and  decomposes  at  a 
higher  temperature  into  water  and  nitrophthalide. 

FaramidopTUhcUide,  CgBi^(N^^O^  is  obtained  by  the  reduc- 
tion of  the  preceding  compound,  and  is  almost  insoluble  in 
water,  but  dissolves  sUghtly  in  alcohol,  and  more  readily  in 
chloroform,  from  which  it  crystallizes  in  short  prisms,  melting 
at  178**.  Its  hydrochloride  forms  needles  which  are  readily 
soluble  in  water.  It  also  dissolves  in  alkalis,  salts  of  para^ 
amidohydroxymdhylbenzoic  acid  being  formed.  The  firee  acid  has 
not  yet  been  prepared. 

When  paranitrophthalide  is  heated  with  hydriodic  acid  and 
phosphorus,  7-amido-orthotoluic  acid  is  formed.^ 

Orthonitrophthaiide  was  prepared  by  Beilstein  and  Kurbatow, 
together  with  the  corresponding  nitrophthalic  acid,  by  oxidizing 
a-nitronaphthalene  with  a  solution  of  chromium  trioxide  in 
acetic  acid.  They  mention  that  the  substance  obtained  has 
the  formula  of  nitrophthalaldehyde,  but  must  possess  a  different 
constitution,  because  it  is  only  attacked  with  difficulty  by  the 
oxidizing  mixture  just  named.^  Its  properties,  prove  that  it  is 
actually  orthonitrophthaiide.*   . 

It  crystallizes  in  small  plates,  melting  at  136^  is  much  more 
readily  soluble  in  alcohol  and  chlorofonn  than  the  para-com- 
pound, and  forms  a  yellow  solution  in  alkalis.  On  heating  in  a 
sealed  tube  with  dilute  hydrochloric  acid,  it  is  smoothly  con- 
verted into  v-nitrophthalic  acid  (Honig). 

^  Honig,  Bcr.  Dcutsck.  Chem.  Oes,  xviii.  8447. 

'  Ann,  Chem.  Pharm.  ccii.  217. 

*  Gaareschi,  ibid,  ccxxii.  283 ;  Honig,  loc,  cU, 
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ALDEHYDES,  CeH^(CHO)„  AND  ALDEHYDO- 

ACIDS,  CeH,(COH)(COOH). 

3238  PhthaUddehyde,     When  orthoxylene  is  submitted  at  the 

boiling-point  to  the  continued  action  of  chlorine,  or  is  heated  to 

195"  with  eight  parts  of  phosphorus  pentachloride,  orthoxylidene 

ietroMoride,  CgH^(CHCl2)2,  is  formed ;  it  crystallizes  from  ether 

in  large  asymmetric  prisms,  melts  at  89**  and  boils  at  273'' — 274**. 

On  heating  with  water  it  is  converted  into  phthalaldehyde,  which 

is  also  formed  by  the  oxidation  of  phthal  alcohol,  and  is  an  oily 

liquid,  which  has  not  yet  been  prepared  pure  since  it  so  readily 

passes  into  the  isomeric  phthalide  (Hjelt).     According  to  Colson 

and  Gautier,  phthalaldehyde  is  a  yellow  crystalline  substance 

melting  at  52^      Ammonia  produces  a  deep  blue   or  yellow 

colouration,  followed  by  a  brown  precipitate.^ 

Phthalaldehydic  add  is  prepared  by  heating  monobromo- 
phthalide  with  water :  * 

/CHBrv  .CHO 

Gfi/  >0  +  HjO  =  CeH/  +HBr. 

\  CO  /  \CO.OH 

It  may  also  be  obtained  by  heating  orthoxylene  to  200  with 
12*6  parts  of  phosphorus  pentachloride  and  boiling  the  product, 
Qcylidenyl  pentcLchloride,  CgH^(CHCl2)CCl3,  with  water  (Colson 
and  Gautier).  It  forms  lemon-yellow  crystals,  which  melt  at  98" 
to  100**,  and  are  readily  soluble  in  water.  Its  phenylhydrazine 
compound  crystallizes  in  fine,  yellow  needles. 

Isophthdlaldehyde  is  prepared  in  a  similar  manner  from  meta- 
aylidene  tetrachloride,  G^JiC^Gl^^,  which  is  a  liquid  boiling 
at  273^  It  is  an  oily  liquid  which,  as  well  as  its  solution  in 
water,  gives  a  green  colouration  with  ammonia,  followed  by  a 
brown  precipitate  (Colson  and  Gautier). 

TerephtkalaMehyd^y  CgH^(CH0)2,  was  obtained  by  Grimaux 
from  paraxylylene  chloride,  CeH^(CH2Cl)2,  by  boiling  with  lead 
nitrate  and  water,*  while  Low  prepared  it  by  the  same  method 
from  paraxylylene  bromide.^ 

^  Hjelt,  Ber.  Dcutsch.  Chem.  Ocs.  xviii.  2879  ;  xix.  411  ;  Colson  and  Gautier, 
Bull,  Soc.  Chim.  xlv.  6  and  506. 
'  Racine,  Ber.  Deutsch.  Chcm.  Oes.  xix.  778. 

•  Jahrsher,  Chem,  1876,  490  ;  Colson  and  Gautier,  loe.  cit. 

*  Ann.  Chcm.  Phanti.  ccxxxi.  361, 
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It  is  also  formed  when  paraxylene  is  heated  to  190"  with 
eight  parts  of  phosphorus  pentachloride,  and  the  paraxylidene 
tetrachloride  which  is  thus  formed  boiled  with  water  for 
some  time.  The  latter  forms  well-developed  crystals,  meltkig 
at  93°. 

Terephthalaldehyde  is  only  very  slightly  soluble  in  cold  ether, 
but  readily  in  alcohol  and  tolerably  freely  in  hot  water,  from 
which  it  crystallizes  in  fine  needles,  melting  at  116^  It  forms 
a  readily  soluble  compound  with  acid  sodium  sulphite.  Con- 
centrated caustic  soda  solution  decomposes  it  with  formation  of 
parahydroxymethylbenzoic  acid,  paraxylylene  alcohol  and  tere- 

phthalic  acid  : 

/CHO  /CH^-OH 

CeH/  +H,0=CeH/ 

\CHO  \C0.0H. 

/CH^OH  /CBLOH  /CO.OH 

2CeH/  =CeH/  +CeH,< 

\CO.OH  \CH2.0H  \CO.OH. 

Terephthalaldehyde  is  also  obtained  when  paraxylylene  bro- 
mide is  dissolved  in  cold,  concentrated  nitric  acid.  The  com- 
pound C24H2QBr204  is  simultaneously  formed ;  it  is  insoluble  in 
water,  but  dissolves  readily  in  ether,  from  which  it  crystallizes  in 
stunted  needles,  which  melt  at  80"*  and  are  converted  into  tere- 
phthalaldehyde, paraxylylene  alcohol  and  hydrobromic  acid,  by 
heating  with  water : 

/CHO 

\CHBr.0.CH2\ 

CHBr.O.Caj/ 


°<CHO 


/CHO      HO.CHjv 
2CeH,<  +  >CeH,  +  2HBr. 


CHO       HO.CH2 


It  is  noteworthy  that  concentrated  nitric  acid  exerts  an 
oxidizing  action  upon  paraxylylene  bromide,  and  does  not  effect 
nitration  as  in  the  case  of  benzyl  chloride.^ 

JCylylidenediamine,    CgHgNg,   is    deposited    in    very    brittle, 

^  I^w,  Bcr.  DetUseh.  Chcm.  Oes.  xvUL  2072. 


HYDROBENZAMIDE  TRIALDEHYDE. 


Vitreoos  ciystals  when  an  alcoholic  solution  of  tercphthalaldehyde 
Baturated  with  ammonia  and  allowed  to  stand : 


t 


.CHO  .CH— NH 

CflH  /  +  2NH„  =  C„H,<  +  2H„0. 

^'CHO  ^CHzzNH 

It  ifl  also  forniiid  when  dry  amiuonia  is  passed  over  Ihe 
■Idebyde,  but  is  decoin^xised  again  by  aeida,  or  even  on  boiling 
-'with  water,  into  ammonia  and  the  aldehyde. 

Hydrobmzamide  trialdehyde,  Nj(CH.C„Hj.CHO)i.  is  formed 
by  the  action  of  aqueous  ammonia  on  t«replithalaldehydc,  as  a 
white  powder  consisting  of  matted  microscopic  needles,  which  is 
insoluble  in  water  and  alcohol  and  is  dissolved  by  acids,  the 
aldehyde  being  set  free.^ 

NitrottrepkthalaUeliyde,  CflHg(NOg)(CHO)g.  In  order  to  pre- 
pare this  substance,  a  solution  of  the  aldehyde  heated  to  150°  is 
treated  with  an  eqiial  quantity  of  potassium  nitrate  dissolved  in 
sulphuric  acid,  kept  at  a  temperature  of  110° — 115°  for  10 — 15 
minutes,  poured  into  water  and  then  extracted  with  ether.  It 
is  very  readily  soluble  in  alcohol,  with  greater  difficulty  in  hot 
water  and  ether,  crystallizing  from  the  latter  in  rhombobedra, 
which  melt  at  86'  and  sublime  in  large  needles.  A  blue  indigo 
derivative  is  formed  when  it  is  heated  with  caustic  soda  and 
acetone  (p.  14G)  (Low), 

r«repA^Aa/o;aW(yrfiPfltirf,CaH,(CHO)COjH,  is  formed,  together 
with  terephthalic  acid,  by  the  oxidation  of  the  aldehyde  with 
chromic  acid  solution.  It  ia  only  shghtly  soluble  in  ether  and 
chloroform,  and  still  less  readily  in  hot  water,  from  which  it 
crystallizes  in  needles,  which  melt  at  24'6°  and  sublime  iu  well- 
formed  needles.  It  forms  a  bariimi  salt  which  is  readily  soluble 
water,  as  well  as  a  scarcely  soluble  silver  salt,  and  only 
reduces  ammoniacal  silver  solution  after  continued  boiling. 

The  ethyl  ether.  Cifi^(GB^O)GO.,.C^^,  forms  groups  of  pointed 
needles,  easily  reduces  ammoniacal  silver  solution  on  heating, 
and  gives  all  the  reactions  of  benzaldehyde  (Low). 

nydrobenzamide-tricaTboxylie  acid,  N^(CH.Cgii^.CO^S)^  is  not 
formed  by  the  action  of  ammonia  on  the  aldehydo-acid,  but  by 
the  oxidation  of  the  trialdehyde  with  potassium  permanganate. 
It  crystallizes  in  nacreous,  rhombohedral  tablets  (Oppenheimer). 

Nilrotcrr.phtkaMdehydic  acid.  C„H,(N0,)(CH0)C0jH(2: 1 ;  4, 

'  Ojii^nlieimer,  Brr.  iKuU/i.  Chda.  nm.  lii.  :-li. 
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is  prepared  in  a  similar  manner  to  nitrophthalaldehyde.  It  is 
readily  soluble  in  hot  water,  and  crystallizes  from  it  in  large, 
four-sided  needles,  which  melt  et  160°.  On  heating  with  caustic 
soda  solution  and  acetone  it  is  converted  into  indigocarboxylic 
acid,  CiflHgNo02(C02H)2,  a  reaction  which  proves  that  the 
nitroxylyl-group  stands  in  the  ortho-position  with  respect  to 
the  aldehyde  group. 

In  its  preparation  a  small  quantity  of  the  isomeric  acid 
(NO^tCOHiCOjHiziS:!  :4),  which  melts  at  184",  is  also 
formed  (Low). 


/COjH 
THE  PHTHALIC  ACIDS,  aH.< 

\co^ 

2239  In  the  year  1836,  Laurent  prepared  naphthalic  acid  (addt 
iiajyhtalvjice),  C^^HgOg,  by  boiling  naphthalene  tetrachloride, 
CiqHjjC14,  with  nitric  acid,^  and  Marignac,  who  was  subsequently 
confirmed  by  Laurent,  proposed  for  it  the  formula  CgH^O^.  The 
latter  chemist  found  that  it  is  also  obtained,  together  with  other 
products,  by  boiling  naphthalene  with  nitric  acid,  oxalic  acid 
being  always  simultaneously  formed.*  Since  it  no  longer 
belongs  to  tlie  naphthalene  series,  he  named  it  ^;7eM^/iV  acid 
(acide  2'^^taliquc)?  It  decomposes  on  distillation  with  lime,  as 
was  shown  by  Marignac,  into  carbon  dioxide  and  benzene.* 

During  his  investigation  of  the  colouring  matter  of  madder 
root,  Schunck  found  that  alizarin  is  converted  by  oxidation  into 
alkaric  acid,  G^^R^qO^,^  which,  according  to  Gerhardt,*  con- 
firmed by  Strccker  and  Wolff,^  is  identical  with  phthaUc  acid. 
The  naphiliesic  acid  {acide  nnphttsiq^ie),  C^QlIgO^,  which  Laurent 
had  obtained  by  the  action  of  potassium  dichromate  auJ 
sul]dniric  acid  on  naphthalene,^  was  also  recognized  as  phthalic 
acid  by  Scheiblor  ^  and  F.  Lessen,  the  latter  of  whom  found  that 
it  is  also  formed  by  the  action  of  potassium  permanganate  on 
naphthalene.^^     An  isomeric  substance  was  prepared  by  Cailletet 

'  Ann.  Chun.  Phys.  Ixi.  114  ;  Ann.  Chem.  Pharm.  xix.  38. 
-  Ihid.  xxxviii.  13.  »  IbUi.  xli.  107. 

*  IhUI.  xlii.  215.  «  Ibid.  Ixvi  197. 

«  Compt.  Jknd.  Trav.  Cliim.  1S49,  222. 
^  Ann.  Chan.  Phnnn.  Ixxv.  12. 
**  r*.-:nif.  Sciait.  xiv.  560  ;  Comvt.  lie  fid.  xxi.  86. 
••  /,Vr.  Jhut.'<ch.  Chnn..  ava.  \.  125. 
^*'  Zcitschr.  Chcm.  x.  \\^  *,  Ann,  Ckcm.  PXa-mtv.  ^-iWn,  Tl 


THE  HHTHALIC  ACIDS. 


4&! 


ill  1847,  by  heating  oil  of  tuiTKntuie  (esscTifc  ih  l/rdlicnlkine) 
with  liiliite  nitric  acid,  and  named  on  this  account  t^rephthalic 
acid  {aiide  IMphtahque)}  Five  years  previously,  Persoz  Lad 
obtained  cumino-cyminic  acid  {acide  cwniTio-infminiijrie)  by  the 
oxidation  of  the  ethereal  oil  contained  in  the  seeds  of 
Roman  cumin  (Cnminum  Cyminum),  but  had  not  analysed  it.* 
Hofmaiin,  in  attempting  to  puriiy  cumic  acid,  C,oH,jO^,  by 
treatment  with  dihite  sulphuric  acid  and  potassium  dichromate, 
IVmud  that  it  is  thus  oxidized  to  inMlinic  acid,  CgHgO,,  which  he 
also  obtaiued  from  Roman  cumin  oil,  and  which,  as  he  pointed 
out,  is  very  similar  to  terephthaiic  acid.'  these  being  afterwards 
shown  by  H.  Muller  and  Warren  de  la  Rue  to  be  identical.* 

Fittig  then  prepared  a  third  acid  by  the  oxidation  of  isoxyleoe 
and  named  it  isophthalic  acid.* 

The  methods  employed  in  the  determination  of  the  position  of 
the  carboxyl  groups  in  these  three  acids  have  alremiy  been 
described  in  detail  (Part  III.,  p.  38).  Quite  recently,  however, 
Nolting  has  added  a  very  simple  proof  of  their  constitution. 
The  three  acids  can  be  quantitatively  obtained  by  the  oxidation 
of  the  three  dimethylbenzenea  with  an  alkaline  solution  of 
potassium  permanganate.  Farasylene  yields  terephthaiic  acid 
;iud  on  nitration  gives  only  one  mononitroxylene,  while  ortho- 
xyk-ue  is  oxidized  to  phthalic  acid  and  jields  two  nitro-deriva- 
tjves.  Finally,  three  nitroxylenes  can  be  obtained  from  iaoxylene, 
which  corresponds  to  isophthalic  acid.  The  position  of  tho 
carboxyis  is,  therefore,  in  : 

Phthalic  acid 1:2 

Isophthahc  acitl 1:3 

Terephthahc  acid 1:4 

This  proof  is  exactly  analogous  to  that  employed  by  KiJmer 
to  deteraihifl  the  patitious  of  the  bromine  atoms  in  the  three 
dibromobenzenea,  and  by  Griess  in  ascertaining  the  constitution 
of  the  diamidobenzeues  (Part  III.,  pp.  47,  48)." 

'  ^nn.  Chiin.  Phyt.  [3]  xxi.  28. 

■  Jonm.  Prakt.  Cimt.  xxtv.  66  ;  Ceritpl.  Keml.  iiiiii.  433. 
'  Ann.  Chem.  Pharm.  xcviL  107. 

'  Ibid.  rxxi.  ?fi.  ■  Ibid.  cilviiL  11. 

■  Ber.  DeuUch.  CUm.  Oa.  iviii.  2637. 
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3940  This  acid  U  moat  simply  formed  by  the  oxidation  of 
orthoxylene  or  orthotoluic  acid^  with  potassium  permanganate 
or  dilute  nitric  acid.*  Carius  found  that  it  ia  also  obtained  in 
small  quantity  when  benzene  or  benzoic  acid  is  treated  with 
manganese  dioxide  and  concentrated  sulphuric  acid  in  the  cold,' 
dipbenylbenzeno,  CBHjfCaHJg,  buing  probably  the  intermediate 
pi-oduct  (Fart  III., p.  76),  According  to  Guyard.it  is  also  fonntii 
when  a  mixture  of  salicylic,  foniiic  and  sulphuric  acids  ia 
healed.'' 

Fhthalic  acid  is  manufacturitd  from  naphthalene,  C,[,H,. 
which  ia  first  converted  into  the  tetrachloride,  Ci^HgClj,  bv 
passing  chlorine  through  the  fused  hydrocarbon,  the  plant  slvixni 
in  section  and  elevation  in  Figs.  2  and  3  being  employed.  Tii 
mass  becomes  heated  to  such  an  extent  that  the  iron  ve?-'-! 
containing  it  has  to  be  cooled  by  water,  the  temperature  bei!-; 
kept  below  160° — 170°,  above  which  carbonizatioD  takes  pLu-: 
The  tetrachloride  is  also  manufactured  by  grinding  naphthalcL 
with  water  and  potassium  chloi-ate,  making  up  the  paste  iu( " 
balls,  and  bringing  these,  after  drying,  into  concentrated  hyiiri - 
chloric  acid.  The  chlorate  may  be  replaced  by  bleaclmu 
powder  which  is  mixed  with  naphthalene  and  pressed  uii' 
cakes. 

One  part  of  the  chloride  is  then  heated  with  5 — 6  parts  of 
nitric  acid  of  sp.  gr.  136  in  flat  stoneware  retorts  placed  in  ^n 
air-bath  (Figs.  1  and  5). 

The  vapours  which  are  evolved  are  condensed  and  emplnvt 
in  a  subsequent  operation.  The  a«id  may  be  finally  puritii 
by  crystallization,  but  the  product  is  usually  distilled  and  tlii: 
immediately  converted  into  the  anhydride,  The  yield  amoiiri 
to  30  per  cent,  on  the  naphthalene.* 

Fhthalic  acid  is  also  formed  when  naphthalene  ia  heate>: 
130°  with  20  parts  of  nitric  acid  of  sp.  gr.  115,  40  percent  ■ 
the  theoretical  yield  being  obtained.* 

'  Weith,  Ser,  DeiUxh.  Chem.  Get.  vii,  10S7.     '  Fipcanl,  ibid,  xii  679. 

•  Jitn.  Chan.  fAorm,  cilviii.  60.  *  BtUl  See.  CMm.  ixix.  Jts 

•  Sohultz,  SteintohUnOaH;  S.  6*0 ;  «.  E.  FUcher,  Sir.  DtiUseh.  tawi.  I'f 
xi.  785  ;  DepoiuUv,  Aw,.  Ch«m.  FKarni.  cuavii,  S73. 

'  Beilstein  md  R,urt»loi»,  Amu.  Oucuv.  IVutii.  tjea.'E'A. 
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I 


LoBsen,   this   takes  place  at  184°   while  Ador  states  that  tl 
unbrokea  crystals  melt  at  213°,  but  the  powder  at  S 

It  is  completely  burned  by  chromic  acid  solution  on  heating,' 
and  on  this  account  cannot  be  prepared  by  means  of  this  reagent 
from  oithoxylene  or  other  orlho-com pounds  which  possess  Iwu 
aide  chains.    On  distillation  with  lime  it  decomposes  intocarboE 


dioxide  and  benzene,  but  if  the  temperature  be  nut  al!owe<l  Ui 
rise  above  330° — 350°,  it  is  converted  into  benzoic  acid,  which 
was  formerly  manufactured  in  this  way  (p.  155). 

2241  The  normal  phthaUtea  of  the  alkali  metals  are  readily 
soluble  in  watttr  and  crystallize  In  small  p!ates  or  scales. 

Acid  ammonium  yhthalulc,   C^P^i^^^,  separates    on 
spontaneous  evaporatiuu  of  a  solution  of  the  normal  salt  in 

'  Ann.  Clxcm.  rhirm.  iWXu.  TAO.  '  TvU\(,^u4.-?.\t\«^,  (!,<*.  clvi.  itt\ 
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sidedi  rhombic  tablets,  prisma  or  pyramids,  wlitcli  dissolve  very 
readily  in  water  but  only  slightly  id  alcohol. 

CaJi-ium  plUkaUUe  CgH,O^Ca+H,0,  is  tolerably  soluble  in 
water  and  crystallizes  in  lustrous,  rhombic  prisma.' 

Acid  barium  phthalatc,  (CgHjOJjBa,  is  readily  soluble  in  hot 
water  and  crystallizes  in  small,  rhombic  prisms. 

A'ornml  barkun  phthalaie,  CgH,OjBa,  is  obtained  by  preci- 
pitating the  uormal  ammonium  salt  with  barium  chloride,  or  by 
mixing  hot  solutions  of  the  acid  and  caustic  baryta;  it  forms 
small,  white  scales  or  silky  needles,  which  are  only  slightly 
soluble  in  hot  water.  On  evaporating  the  solution,  a  basic  salt 
separates  out  in  crystalline  crusts  (Carius,  Hennanu), 

Ltad  phthalate,  CgH^O^Pb,  is  a  precipitate,  consisting  of  scaly 
crystals. 

Copper  phlhatalr.  CgHjO,Cu  +  H^O,  crystallizes  in  lustrous 
blue,  rhombic  pnsms,  which  dissolve  readily  in  hot  water 
(Hermann). 

Silver  phthalatt,  CjjHjOjAgj,  forms  a  light,  crystalline  powder, 
which  is  tolerably  soluble  in  water  and  detonates  when  rapidly 
heated. 

Ellters  o/phthalic  acid  are  formed  by  the  action  of  hydrochloric 
acid  on  the  alcoholic  solution  of  the  acid  and  by  that  of  an  alco- 
holic iodide  upon  the  silver  salt,  The  two  following  have  been 
preparetl,  and  are  both  odourless  liquids :  ^ 

Boiling- ]»int. 

Methyl  phthalate,  C„H,(C0a.CH3)j 280° 

Ethyl  phthalate,  C«H^(COg.CjHs}j SSi" 

Phtltalyl  oiddt  or  Pftthalic  anhydride,  (C|,H,.COj)jO,  is  formed 
when  the  acid  is  heated  alone  or  with  acetyl  chloride : 

.CO.OH 
0,H/  -|-CH„.C0C1- 

^COOH 

C«H,<        >0 +CH,.CO.OH  +  HC;i. 

\co/ 

Tlie  anhydride  remains  behind  in  splendid  prisms  after  the 
acetic  acid  and  excess  of  acetyl  chloride  have  been  removed.' 
It  is  manufactured  by  subliming  phthalic  acid  in  a  current  of 

■  H«niiaiin.  Ann.  Chim.  Phann.  cli.  77. 

'  GmSe  and  Jioni,  liirf.  rxlii.  34*  :  Gi-nlie,  ffer.  VcaUfh.   Chcm.  Ota.  xvL  860. 

■  Anschiili,  ibid.  X.  23& ;  Aim.  Chcm.  thana.  ccx%\\.  Y. 
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air,  or  better,  of  carbon  dioxide,  the  appaiutus  shown  in  Fig.  6 
being  employed.^ 

It  is  thus  obtained  in  long,  white,  pliant,  rhombic  needles, 
while  on  rapid  heating  it  distils  as  a  liquid  and  then  solidifies 
to  a  hard,  crystalline  mass.  It  melts  at  128**  and  boils  at  284'5* 
(Schultz,  Griibe),  is  only  very  slightly  soluble  in  cold,  more 
readily  in  hot  water,  and  is  reconverted  into  phthalic  acid  wheo 
boiled  with  water  for  a  long  time,  more  rapidly  in  presence  of 
alkalis. 

It  is  reduced  by  zinc  dust  and  acetic  acid  to  phthalide,  di- 
phthalyl  {v.  post)  and  zinc  phthalate  being  also  formed*  It  is 
employed  iu  the  manufacture  of  dyes  and  of  many  other  com- 
pounds, as  it  very  readily  enters  into  chemical  reactions.  Thus 
it   combines   with   the    acid   anhydrides,   forming   with   acetic 

.C=iCH.C02H 

anhydride,  phthalylacetic  acid,  C^H.^     >0 

It  also  combines  with  the  aromatic  hydrocarbons  in  presence  of 
aluminium  chloride,  forming  acids ;  thus  benzene  yields  benzoyl- 
benzoic  acid  : 

/CO.  /CO.OH 

C,h/       >0  +  CeH,  =  CeH/ 

\C0^  \CO.C0H5. 

A  specially  characteristic  property  is  that  of  combining  with 
phenols  on  heating  to  form  phthale'ins,  water  being  eliminatc<L 
As  already  mentioned,  resorcinol  yields  fluorescein  in  this  way. 
the  formation  of  this  substance,  which  is  employed  as  a  test  for 
the  presence  of  the  phenol  in  question,  taking  place  in  the 
following  manner : 

,0H 

CO  C\^  ^  /O 

CVJr,<^0      +2CJI,<2JJ  =CeH,<'6      '    '\OH  +  2ILO. 
CO  CO 

2242  Phthalyl  chloride,  CgH^OgClo,  was  first  prepared  by  Hup) 
Miillcr  from  phthalic  acid  by  the  action  of  phosphorus  penta- 

^  Srhultz,  Steinkohlnitheerr. 

'^  Wislicunus,  Brr.DevtKch,  Chan.  Gcs.  xvii.  2178. 
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chloride.'     From  analogy  with  other  acid  chlorides  it  would  be 
formed  according  to  the  following  equation : 

/CO.OH  /COCl 

CaH,<  +  2PCI5 = CeH  /  +2P0CU  +  2HC1. 

\CO.OH  \C0C1 

■ 

Careful  investigation,  however,  has  shown  that  it  does  not 
possess  this  constitution.     It  is  formed  in  two  stages : 

/CO.OH  /CO. 

CeH  /  +  PCI5  =  CeH  /        >0 + POCI3 + 2HC1. 

\CO.OH  \C0/ 

CeH  /      \0  +  PCI,  =  CeH  /       '\  O + POCI3. 
\C0^  \  CO  / 

It  is  also  obtained,  therefore,  when  equal  molecules  of  phthalic 
anhydride  and  phosphorus  pentachloride  are  heated  together  for 
12  hours  at  170°.* 

In  order  to  prepare  it,  phthalic  acid  is  boiled  with  rather  more 
than  two  molecules  of  phosphorus  chloride  for  5-6  hours  and 
then  distilled.^  It  is  an  oily  liquid,  which  boils  at  268**  and 
solidifies  at  about  0°.  It  is  only  slowly  decomposed  by  boiling 
water  and  even  boiling  caustic  soda  solution.  On  heating  with 
finely-divided  silver,  dipJUhalyl,  which  will  be  subsequently 
described,  is  obtained,  its  formation  taking  place  according  to 
the  following  equation : 

/  CO .  /CO. 

C„H,<  \0  C„H,<(      \0 

■CCl/  \  c  / 

+  4Ag=  I 

C,H  /  \0  C,H  /       >0 

\  CO  /  \co^ 


+  4AgCl. 


The  proof  that  it  possesses  this  constitution  rests  not  only  on  the 
whole  behaviour  of  the  substance,  which  shows  it  to  be  a  dilac- 

1  Zeiischr.  Chem.  1863,  257. 

*  Clausand  Hoch,  Ber.  DetUsch.  Citem,  Oca.  xix.  1187. 

*  Wischin,  Ann,  Chcm.  Pharm.  cxliii.  269. 


tone,  but  also  OQ  the  fact  that  it  is  formed  when  phthalida  ii 
heated  with  phtbalic  anhydride : ' 


.CO, 
C.H,<        >0 

\c/ 


/CO. 
C.H.<         >0 
\CH,/ 

/CO. 


The  following  compounds  have  been  prepared  by  the  action 
of  sodium  methylate  and  ethylate  on  phthalyl  chloride : 
,C(OCHj),  Boiling-point. 

c„h/>o 


\co 

/C(OC,HJ, 


C,H,<  >0 


CO 

These  aro  liquids  which  boil  at  the  same  temperature  as  the 
isomeric  phthalic  ethers,  from  which  they  differ  only  iu  possess- 
ing a  slightly  lower  specific  gravity.  That  they  are  actually 
distinct  bodies  is  shown  by  the  fact  that  tetrachlorophthalic  acid 
yields  compounds  which  differ  both  in  crystidJine  form  and  melt- 
ing point  from  those  derived  from  its  chloride.* 

Tho  corresponding  phenyl  ether,  C«Hj(CO)CCOCeH5)30,  is 
prepared  by  heating  the  chloride  with  phenol,  and  crystallizes 
from  alcohol  in  small  prisms,  melting  at  70°." 

Wlien  phthaiyi  chloride  is  heated  in  a  sealed  tube  with 
phosphorus  pentachloride  to  210° — 220°,  two  isomeric  chlorides, 
CgHjCljO,  are  formed,  both  of  which  crystallize  in  monosyni- 
metric  forms ;  the  one  melts  at  47°,  and  the  other,  which  is  also 
A  product  of  the  action  of  phosphorus  pentachloride  on  phthalide. 

Theory,  indeed,  allows  the  formation  of  two  i 
tetrachlorides : 

,C0C1 


CeHj- 


\cci/ 


^*\. 


CCI3. 


The  compounds  in  question,  however,  exhibit  an  identical 
chemical  behaviour.  On  heating  with  concentrated  sulphuric 
acid,  or  on  boiling  with  alcoholic  potash,  they  are  converted  into 

'  flnibe  and  Guye,  Ber.  Dtutich.  Chcm.  Ga.  xvii.  zasi. 

'  Griilie,  Ber.  D'-ulwK.  Chem.  Off.  xvi.  860. 

'  SchteJer,  ibid.  vii.  705;  v,  Geiiehteu,  ibid.  xiii.  IIP, 
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phthalic  acid,  and  phenol  combines  with  them  to  form  the  phenyl 
ether  mentioned  above.  These  facts  seem  to  indicate  a  case  of 
physical  isomerism,  but  all  endeavours  to  convert  either  of  the 
compounds  into  the  other  have  proved  unsuccessful  (v.  Gerichten). 

According  to  Glaus  and  Hoch,  the  tetrachloride,  which  melts 
at  88°  and  boils  at  about  274°,  is  alone  obtained  and  is  best 
prepared  by  heating  for  15  hours  at  245°.  Carbonyl  chloride 
and  orthochlorobenzoyl  chloride  are  also  formed  in  the  reaction.^ 

A  compound  is  formed  by  the  action  of  zinc  ethyl  on  phtbalyl 
chloride,  which  is  looked  upon  by  Wischin  as  phenylenediethyl' 
acetoiUy  CgH^(CO.C2H5)2.  It  separates  from  ethereal  solution  in 
splendid  crystals,  which  possess  a  pleasant,  fruity  smell,  and 
melt  at  52°.  Wischin  was,  however,  unable  to  obtain  a  com- 
pound of  it  with  acid  sodium  sulphite,  and  V.  Meyer  has  shown 
that  it  is  not  a  ketone,  since  it  does  not  form  a  hydroxylamine 
compound.*  The  constitution  of  this  compound  can  readily  be 
explained  in  accordance  with  the  present  views  in  regard  to 
phtbalyl  chloride,  and  is  as  follows  : 


Succinyl  chloride  (Part  II.,  p.  191)  has  obviously  an  analogous 
constitution  to  phthalyl  chloride,  and  its  reduction  to  the 
anhydride  or  lactone  of  7-hydroxybutyric  acid  (Part.  II.,  p. 
1G9)  thus  receives  a  simple  explanation : 

CjHZ  >0  +  4H  =  C,H,<  >0  +  2HC1. 

\co  /  \co  / 

Phthalyl  sulphide  or  Thiophthalic  anhydride,  CgH^OjS,  is 
formed  by  the  action  of  potassium  liydrosulphide  on  phthalyl 
chloride  *  or  its  phenyl  ether :  * 

C«H  /      '\o  +  2KSH  =  CeH,/      ^O  +  2KC1  +  SH_. 

It  crystallizes  from  alcohol  in  small  plates  or  needles,  melts  at 
114°  and  boils  at  284°. 

1  Bcr.  Detdsch.  CTum.  Gc.<t.  xix.  1187.      ^  Ibid.  xvii.  817. 

8  Schroder,  16^.  vii.  705.  *  Grabe  and  Zschokke,  ibid,  xviL  1175. 
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2243  Th^alimide,  CgH^O*(XH),  is  obtained  by  heating  acid 
ammonium  pbthalate :  ^ 

XO.ONH^  /  C=NH 

c.h/  =c,h,<;   >0+H.0. 

MJO.OH  \C0 

It  is  also  formed  bv  tbe  action  of  ammonia  on  the  anhydride, 
chloride,'  or  sulphide,'  as  well  as  by  heating  phthalic  acid  with 
ammonium  or  potassium  thiocyanates.^  It  is  insoluble  in  cold 
water,  slightly  soluble  on  boiling,  and  crystallizes  from  ether  in 
six-sided  prisms,  which  melt  at  228''  ^  and  sublime  in  small  plates. 
It  is  decomposed  on  heating  with  slaked  lime  into  carbon 
dioxide  and  benzonitril,*  and  is  reduced  to  phthalimidine  (p.  444) 
by  tin  and  hydrochloric  acid. 

When  phthalimide  is  heated  with  aniline  or  one  of  its 
bomologues,  ammonia  is  evolved  and  the  corresponding  substi- 
tuted phthalimide  formed.  If  a  phenol  be  substituted  for  the 
amine,  ammonia  is  also  evolved,  and  a  substance  belonging  to 
the  class  of  phthaleins  is  produced. 

These  bodies  are  identical  with  those  prepared  irom  phthalic 
anhydride.^ 

Potamtim  phthalimide,  CgH^OgCNK),  is  obtained  in  white 
plates  by  adding  alcoholic  potash  to  an  alcoholic  solution  of  phthal- 
imide (Cohn). 

Silver  phthalimide,  C8H^02(NAg),  is  formed  as  a  heavy,  white 
precipitate  when  silver  nitrate  is  added  to  an  a^iueous  solution  of 
the  potassium  salt,  or  when  an  alcoholic  solution  of  phtlialiniido 
is  treated  with  an  ammoniacal  silver  solution  (Laurent). 

Phthalamic  a^cid,  CgH^(CO.NH2)C02H.  Marignac  prepared 
the  ammonium  salt  of  this  acid  by  dissolving  anhydrous  naph- 
thalic  acid  (phthalic  acid)  in  ammonia,  and  named  it  naphthal- 
amide?  It  was  also  obtained  by  Laurent,  who  added  ammonia  to 
a  hot,  alcoholic  solution  of  the  anhydride  .  ^ 

.COv  /CO.NH0 

C,H,<        >0  +  2NH3  =  CeH  / 

^  Laurent,  Ann.  Clym.  Pharm.  xli.  110. 
'  Kuhara,  Amer.  Chcm.  Joum.  iii.  26. 
'  Gnibcand  Zschokke,  loe.  cit. 

*  Ossian  Asdian,  Ber.  Dcutsch.  Chrm.  Gcs.  xix.  1393. 

*  Cohn,  An7i.  Ohfiin.  Phunn.  ccv.  801. 

*  Laurent,  Jahrcsb  Chcm.  1868,  549. 
"^  Hall,  Private  Communicjition. 

*  Ann,  Chcm  Pharm.  xlii.  219. 

^  Ann.  Chim.  Phys.  [3]  xxiii.  117. 


The  barium  salt  is  formed  when  phthalimidii  is  boiled  with 

baryta  water  (Kuhara),  and  the  potassium  salt  by  the  contiuueil 
boiliug  of  potassium  phthalimide  with  water.^  It  may  be  more 
simply  prepared  by  the  action  of  25  per  cent,  caustic  potash 
solution  on  phthalimide*  When  concentrated  liydrocliloric  acid 
is  added  to  the  solution,  the  phthalamic  acid  is  gradually  deposited 
in  short,  well  developed,  transparent  prisma,  which  melt  at  148° — 
149°  and  decompose  at  a  shghtly  higher  temperature  into  water 
and  phthahmide.  It  has  an  acid  taste,  is  tolerably  soluble  in  cold 
water  and  is  gradually  converted  by  it  into  acid  ammoQinm 
phthalate,  the  change  taking  place  rapidly  on  boiling  (Aschan). 

Hthyl  phtiialimide,  CgHjOg(NC(Hj),  is  prepared  by  the  diatilla- 
tionofphthalicanhydride  with  aqueous  ethylamine;  it  crystal- 
lizes in  needles  or  prisms,  melts  at  TS'o'  and  boils  at  276° — 278°.' 

Acclphthalimide,    C3H^0j[NC0.CHj),  is  formed  by   heating 
phthalimide  with  acetic  anhydride  for  some  time.     It  crystallizes 
in  large  octohedra  and  is  decomposed  by  boiling  water  or  1 
alkalis  in  the  cold  into  acetic  acid  and  phthalimide.* 

Phthaluric  acid  is  obtained   by   heating   phthahc  anbydrii 
with  amido-acetic  acid : 

C,H.<        >0  -1-  NHj.CHj.COgH  = 
^CQ/ 


,C=N.CH„.CO,H 


c.h/  >0 

^CO 

It  crystallizes  from  hot  water  in  long,  thin  needles,  whi 
melt  at  191° — 192°,  and  are  decomposed  on  boihng  with  cm 
centrated  hydrochloric  a^id  into  phthahc  and  amido-acetic  acids-Q 

Fkenylphthaliviide  or  Phthalanil,  CaHjOj(NCgH5),  is  prepared 
by  distilling  phthahc  acid  with  aniline;  it  crystallizes  from 
alcohol  in  needles,  which  melt  at  205°,  but  subhme  at  a  lowe^ 
temperature.^  On  boiling  with  ammonia  and  alcohol,  it  is  c 
verted  into  pkihalanilic  acid,  or  phenylphthalamic  acid : 


CflH,/  >0 

\co 


,C=NC«Hs 


-|-HjO=CoH,; 


CO.NH.CaH. 


\C0.0H. 


'  Lnndsberg,  Ann.  Chem.  Fharm.  ccxv.  198. 

*  Oaaian  Aachan,  Btr.  JhuUth.  Chtm.  Oa.  x\x.  140], 

■>  Miahwl,  ibid.  x.  16<0.  *  WaUach  snd  Kamouski,  ibid.  xiv. 

■  Owian  Aschan,  ihid.  liz.  1400. 

*  Drechul,  Jimrn.  Fmtt.  Chfm.  [2]  ccxxTii.  419. 

'  Oerharilt  and  I^uient,  Ann.  Chfiit.  Fkyi.  [2]  xiiv,  189  ;  Dubiier,  Ann. 
Fharm.  ccx.  287. 


DIPHENi'LPHTHALEIN.  IBS 

k  This  substance  crystallizes  from  hot  water  or  alcohol  in  small 
tes,  which  melt  at   192°   and    docompoae   into   water  and 
iithalanil  at  a  higher  temperature. 

■'Analogous   compounds    are    obtained    from    the    substitution 
iducts  of  aniline '  and   its    homologiies*    from   the   amido- 
'  and  from  the  amidobenzoic  acids.* 
fj)ipkcnyiphthatam,ic  ntirf  is  fonned  when  equal  molecules  of 
Ithalic  anhydride  and  diphenylamine  arc  heated  together : 


CS* 


.0  +  NH(C,Hs)s  =  C,H,< 


.CO.N(C«H^, 
■CO.OH. 


lit  is  insoluble  in  water  and  crystallizes  from  alcohol  in  warty 

ses  of  small,  lustreus  prisms,  which  melt  at  147° — 148°.^ 
I  If  two  molecules  of  diphenylamine  are  employed,  the  so-called 
ihenylphthalcin  is  formed ;  it  is  also  obtained  by  the  action 
J  the  base  on  pbthalyl  chloride,*  and  is  tolerably  soluble  in 
»hol,  more  readily  in  benzene,  from  which  it  crystallizes  in 
fge  prisms,  melting  at  238°,     It  has  the  following  constitu- 

'  The  aromatic  diamines  form  two  series  of  compounds  with 
ithalic  anhydride : ' 


,C=N.C„H,.NH, 


P«H  /   >0 


,C=H.C„H,.N=C, 

:;  >o      o<  NC„H,, 


■"When  orthamidothiophenol  is  heated  with  phthalic  anhydride 
f  phthalyl  chloride,  the  compound  Cq^HjjNjSj  is  formed,  and 
robably  has  tlie  following  constitution  : 


CflH,; 


,C,H,.C^    \cfi.. 


>  Gabriel,  Bcr,  Deutgeh.  Chetn.  Ba.  xi.  32<ID  ;  Friihlich,  Hid.  xvU.  1801  anil 
79.  =  Michaol,  iMrf.  x.  B79. 

*  Lodenborg,  tiid.  ii.  IS2S.  '  Gabriel  toe.  tit. 

*  Piutti,  Qat.  CUm.  Hal.  lUi.  642  ;  liv.  470, 

*  Lellminn,  Ber.  DeutKh.  Chem.  Gen,  xv.  830. 
'  BiedMrnum,  ibiA.  x.  lieo. 
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It  crystallizes  from  alcohol  in  thin  needles  or  thick  prisms, 
which  melt  at  112° ;  it  is  a  weak  base  and  forms  a  hydrochloride 
which  is  only  slightly  soluble  and  crystallizes  well,  but  is  readily 
decomposed  by  water.^ 

2244  Phthalyldiamide.  Phthalylmalonic  ether  is  formed  by 
the  action  of  phthalyl  chloride  on  sodmalonic  ether,  and  reacts 
with  ammonia  to  form  malonamide,  alcohol  and  phthalyldi- 
amide :  ^ 

/CznCCCO.OC^HJo 
CeH/>0  +4NH3=^ 

/NH3 

/  C  ^NH, 

CHgCCO.NHg)^  +  2HO.C2H,  +  CeH,<         >0      . 

This  body  may  also  be  obtained  in  a  similar  manner  from 
phthalylaceto-acettc  ether,^  and  by  allowing  phthalimide  to 
stand  for  some  houi*s  in  contact  with  concentrated  ammonia.* 
It  forms  a  glittering  powder,  consisting  of  microscopic,  very 
refractive  rhombohedra,  only  slightly  soluble  in  water  and 
alcohol,  and  is  decomposed  into  ammonia  and  phthalimide 
when  heated  with  either  of  these.  It  fuses  at  219*" — 220^  when 
carefully  heated,  forming  a  clear  liquid,  but  ammonia  is  given 
off  and  the  residue  finally  consists  of  phthalimide. 

Phthalylhydroxylamine,  N(C8H^02)OH,is  formed  when  phthalyl 
chloride  and  sodium  carbonate  are  alternately  added  to  a  con- 
centrated solution  of  hydroxylamine  hydrochloride,  so  that  the 
Uquid  is  always  kept  alkaline  : 

.ecu  /C=:N.OH 

CeH,<  >0  +  H2N.0H  =  CeH,<    >0         +  2HC1. 

It  is  insoluble  in  ether,  but  dissolves  slightly  in  water,  more 
readily  in  boiling  alcohol,  from  which  it  crystallizes  in  small 
plates  or  needles,  which,  after  drying,  form  a  yellow  powder, 
melting  at  230°  with  decomposition.  It  is  an  acid,  decomposes 
carbonates  and  forms  a  red  solution  in  alkalis.     Alcohohc  potash 

^  HofmanD,  Ber,  Deutsch.  Chcm,  Gcs.  13,  1233. 
'  Wisliceuus,  ibid.  xvii.  Kef.  529. 

*  Billow,  Ann.  Chem.  Pharm.  ccxxxvL  188. 

*  Ossian  Oschan,  Ber.  DexUsch,  Chem,  Ocs,  xix.  13fi8. 


ETHTLIBTHALTLHTr'20Xt:.i5CyZ. 

added  to  itt  5«:iTT'«3it  la  iLrc&rL  prf-.Trrnz-fs  zhi  T*:T:2iSRrizi  <iC:. 

an  aniorpL:-:^  rei  t^Trl-Ti:.  TTi^  sl-ri:  :  i.\i.:^:  i<  :c*:li:i:-:  ':  ■■ 
double  d-ecodc^sirl'.c.  is  i  i^irk-re:  Tr:'.i~:-.>.:»f.  *r*:i»f  btir/iz:  ii.  i 
lead  salts  beir^  Li:r^-  r^eii  izl-:  j-ll-.-^-fl  ri-i  rrr-.i^iMCirS.  T^l/.r  ^^t 
copper  salr.  vLi«:it  is  '-.zLj  •ir.Tn  :.t:l  r  li  1  .-.o.n-ri:-:':  ^.1-- 
tion,  is  •jr-rt^n.  ini  iL-r  r--  -  :--  1:: i  :_:r.:rr  5i-l:s  ire  ;-l  .  v 

%A-'-  Tv...  . 

treatms  the  silver  selI^  Tri:*c  ciTi  ii^iiir.  I:  :.r^s  l.irr-i  :rvs:al5 
which  melt  i*  I'Jo' — Iv-fc""  in  i  c«;il  i:  i7    . 

PhthAlvIhvIroiTLii:!:::-::   ■i-rt^ri^r-i-cs   ::i    irr  ii5:iI'.-.:i.L:   ::.:.: 
phthalio  anhyiriie.  ar..r . .zJw  ii.-i  Liiri-^rL.:  a   c-.ilinj  >  ":::.:. 
of  caustic  pjtisL  re?*:Iv«  i:  i^.:-:-  p'ltLi!: '  a.::  i  ii. :  hy.ir.x;.  1  ■.:.:::. . 
while  orthan.iioli^iizoi*  a=::i    is   t'lr^ie:    '.TL-ii:  ::  is  Lr:-,:-;;..:  i-.-. 
alcoholic  s:Iii:::.n  ^*L.  oae  nijI-e^rTilr  ■::  rvtAsL : 

.Cz=y.OH  NH. 

C,H/    >0  ^KOH  =  C,H,  '       ^sX\. 

^CO  COOK 

ffffdroxyphthilatnic  'reiJ.  is  fcrmetl  wii^n  an  al'-viiolio  s-.-Iitivn 
of  phihalylhydroxylamine  is  LeateJ  wi:h  pjt.ish  for  a  short  iiww  : 

/C=N.OH  iH=£N.OH 

C,H  /  >0        4-  KOHrzCVH, . 

N:0  ^CO.OK 

Potassium  hydrwryphthalamat*:  separates  out  on  coolinij: ;  it 
is  readily  soluble  in  water,  and  is  doix^sitod  on  evaporation  in 
hard,  yellow  crystals. 

The  lead  salt  is  thrown  down  when  lead  acetate  is  added  to  a 
solution  of  the  potassium  salt:  it  has  the  following  constitution  : 

XH=N.Ov 

\co — q/ 

When  this  is  suspended  in  water  and  treated  with  snlphnrottod 
hydrogen,  a  solution  of  the  free  acid  is  formed,  which  redilons  lit- 
mus and,  like  that  of  the  potassium  salt,  is  coloured  violet  by  forrii* 
chloride.  The  solution  of  the  acid  decomposes  gradually  on 
standing,  more  rapidly  when  heated,  with  separation  of  phthalyl 
hydroxylamine. 

Phthalylhydroxylaminc  shows  great  similarity  to  the  uitrnlif 

w  w  "1 
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acids,  which,  like  the  former,  are  colourless  but  are  coloured  red 
by  the  slightest  trace  of  an  alkali,  and  have  a  similar  constitu- 
tion :  1 

Phthalylhydroxylamine  Ethylnitrolic  acid. 

.C=N.OH  ^N.OH 

Berizenyhizoodvi^hcrizenylcarboxylic  acid,  CigHj^NjOj,  is  formed 
when  phthalic  anhydride  is  fused  with  benzenylamidoxime  : 

.N.OH  /CO. 

CeH,.C^  +CeH/       >0  = 

\NH2  \C0^ 

CeHg.C^       ^C.CcH,.C02H  +  HoO. 

It  crystallizes  from  hot  alcohol  in  lustrous  needles  melting  at 
151°.2 

Orfhoq/anobenzoic  acid,  CgH^(CN)C02H,  is  obtained  by  adding 
orthodiazobenzoyl  chloride  to  a  hot  solution  of  copper  sulphate 
and  cuprous  cyanide ;  it  is  a  thick,  viscous  liquid,  which  has  not 
hitherto  been  prepared  pure,  since  it  readily  changes  into  the 
isomeric  phthalimide,  phthalamic  acid  being  probably  formed 
as  an  intermediate  product : 

/CN  .CO.NH2 

CeH/  fHp  =  CeH/ 

\CO.OH  \CO.OH 

This  is  then  resolved  into  phthalimide  and  water.^ 
The  conversion  may  however  be   simply   explained   by   an 
intermolecular  change :  * 

/C=N  /C=NH 

CeH  /  =CeH/  >0     . 

\C0— OH  \C0 

Mhyl  orthocyaiiohcnzoate,  CgH^(CN)C02.C2H5,  is  prepared  by 
diazotizing  the  ethyl  ether  of  orthamidobenzoic  acid  and  treating 
the  product  in  the  manner  just  described;  it  crystallizes  in 
thick  needles,  melting  at  70°.^    It  is  gradually  attacked  when 

*  Cohn,  Ann.  Chcin.  Pharm.  ccv.  296. 

2  Schulz,  Ber.  Dciii^ch.  Ch^m,  Qts,  xviii.  2463. 

3  Sandmeyer,  ibid,  xviii.  1496.  *  Lielwrmann,  ibid.  xix.  2283. 
'  Miiller,  ibid,  xix.  1491. 


heated  with  hydroxylamiue  in  alcoholic  eolutioii,  pkthxlimide- 
uxime  being  formed : 


C'H 


.C=N 


+  H,N.OH^ 


,C=NH 
>0         +  HO.CjHj. 


^cLrN.OH 


The  latter  crystallizes  &om  dilute  alcohol  in  needles,  which 
melt  at  250°  and  are  converted  into  phthaliiDide  by  boiling  with 
ferric  chloride  and  hydrochloric  acid. 


ADDITION  PRODUCTS  OF  PHTHALIC  ACID. 

2245  Di^ydrophihaUc  ticUl.  CbH/OOjH)^.  is  formed  when  a 
cold  alkaline  solotion  of  phthalic  acid  is  treated  with  sodium 
amalgam,'  or  better  when  the  operation  ia  carried  on  at  the 
boiling  point.'  It  crystallizes  iu  hard,  rhombic  tablets,  wliicli 
are  only  slightly  soluble  in  cold,  more  readily  in  hot  water,  and 
readily  in  alcohol.  It  ia  a  strong  dibasic  acid ;  on  heating  with 
soda  hme  it  decomposes  into  carbon  dioxide,  hydrogen  and 
benzene,  while  the  action  of  phosphorus  pentaehloride  upon  it 
yields  hydrochloric  acid,  carbon  dioxide,  phosphorus  oxychloride 
and  benzoyl  chloride.  Bromine  acts  upon  its  wjueous  solution 
in  the  following  manner  (Grabe  and  Bom) : 

C,H/C0,H)3  +  Br,  =  CoH^.COjH  +  CO,  +  HBr. 

On  heating  with  sulphuric  or  nitric  acids,  benzoic  acid  is  also 
formed,  together  with  phthalic  acid,  while  ethyl  benzoate,  pro- 
bably accompanied  by  ethyl  formate,  is  produced  when  hydro- 
cliloric  acid  is  passed  into  its  alcoholic  solution. 

Hydrophthalic  acid  can  be  heated  to  200°  without  undergoing 
any  alteration  ;  at  a  higher  temperature,  however,  it  decomposes 
with  formation  of  phthalic  anhydride. 

All  these  reactions  may  be  simply  explained  if  we  ascribe  the 
IWllowing  constitution  to  the  acid  : 

CH 
HcL   JcH— COgH 
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Teirahydrophthalic  acvdy  G^il^(GO^S)^,  The  anhydride  of  this 
acid,  CgHgOj,  is  formed  by  the  distillation  of  hydrop3rromellitic 
acid,  CgHg(C02H)4,  and  crystallizes  from  ether  in  hard,  lustrous 
plates,  which  melt  at  68°  and  sublime  readily.  It  is  insoluble  in 
cold  water,  but  dissolves  in  hot  water  with  formation  of  the  acid, 
which  crystallizes  in  large  plates,  and  is  readily  soluble  in  water, 
being,  however,  converted  into  the  anhydride  when  the  solution 
is  heated  to  about  100°.* 

Dihromotctrahydrophtlialic  acid,  CgHgBr2(C02H)2,  is  obtained 
by  the  combination  of  dry  bromine  with  dihydrophthalic  acid, 
and  crystallizes  in  rhombohedra  (Baeyer). 

HcxhydropJithalic  acid,  CgHi^(C02H)2,  is  formed  when  tetra- 
hydrophthalic  acid  or  dihydrophthalic  acid  ^  is  heated  to  230°  with 
hydriodic  acid,  or  when  the  former  is  treated  with  sodium  amalgam 
and  water,  while  dihydrophthalic  acid  is  not  attacked  by  these 
re-agents  (Baeyer).  It  is  slightly  soluble  in  cold,  somewhat  more 
readily  in  hot  water,  and  crystallizes  in  small  prisms  or  plates, 
which  melt  at  203° — 205°  without  forming  an  anhydride. 

Brcymovialophthalic  acid,  CgH8Br(OH)(C02H)2,  is  prepared  by 
adding  bromine  to  an  aqueous  solution  of  tetrahydrophthalic 
acid,  a  dibromide  being  first  formed,  which  is  then  decomposed 
by  water : 

C,HgBr.(C0oH)2  -f  H,0  =  0,H3Bi(0H);C0,H),  +  HBr. 

It  is  readily  soluble  in  wat^r  and  crystallizes  in  small  rhombic 
prisms  or  tablets.  On  heating  with  baryta  water  it  is  converted 
into  the  following  compound.^ 

TartrojyJitJialic  acid,  C^Hg (OH) 2(00.311)2  is  best  obtained  by 
dissolving  the  anhydride  of  tetrahydrophthalic  acid  in  boiling 
water,  and  addhig  to  one  part  of  the  anhydride  rather  more  than 
an  equal  amount  of  bromine,  the  mixture  being  then  heated  on 
the  water  bath  and  treated  with  baryta  water  until  the  liquid 
hns  a  permanent  alkaline  reaction.  The  barium  salt  is  obtained 
on  concentration  in  plates,  from  which  the  tartrophthalic  acid  is 
prepared  by  means  of  sulphuric  acid.  It  crystallizes  from  a  con- 
centrated solution  in  colourless  prisms  containing  two  molecules 
of  water,  which  are  lost  in  a  vacuum.  On  heating  with  hydri- 
odic   acid    it    is   converted    into    licxhydrophthaHc    acid,    the 

^  Baeyer,  A?in.  Chcm.  Pluinn.  clxvi.  344. 
-  Miorski,  Ber.  Dcutsch.  CIwvi.  Gcs.  iv.  568. 
3  Baeyer,  Ann.  Ch^m.  Phann.  clxvi  364. 
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relation  exisiing  l>t;twcfii  these  two  bodies  bciug  similiir  to  lliat 
between  succinic  and  tartaric  acids,  while  ti-trahydroplithalic 
acid  corresponds  to  fumaric  acid. 


HALOGEN  SUBSTITUTION  PRODUCTS  OF 
PHTHALIC  ACID. 

2246  Chlorine  does  not  act.  iipim  free  plitlialic  acid,  even  in 
the  presence  of  iodioe ;  substitution  takes  place,  bowever,  when 
llie  gas  is  passed  into  an  alkaline  solution  of  tbe  acid.  Auerbach 
obtained  in  this  way  a  monochioropbthalic  acid,  which  crystal- 
lized from  benzene  in  needles,  melted  at  1+0° — 150°,  was  readily 
soluble  in  alcohol  and  remained  on  the  evaporation  of  this  solit- 
tioa  as  a  syrup  which  gradually  solidified.  On  heating,  it  yielded 
an  anhydride  boiling  at  140° — 143°.^  Kriiger  obtained  different 
rtsults  by  oxidizing  the  two  chloro-orthotoluic  acids  with  potaa- 
siam  permanganate  in  faintly  alkaline  solution.* 

v-CldorrqMhalic  ac'ul,  CoHaCi(COjH)j(3  : 1  :  2),  is  also  formed 
by  the  oxidation  of  the  dichloronaphthalene  melting  at  10T°,and 
crj-atallizes  from  hot  water  in  stellate  groups  of  silky  needlesi 
which  melt  at  184°  and  yield  an  anhydride  which  sublimes  in 
long  needles  and  melts  at  122°— 123V 

a-Clihr&phlhaUc  acid  (4:1:2)  hag  also  been  prepared  by  tha 
oKidation  of  t-dichlorotiaphthalene  *  and  by  the  action  of  phos- 
phorus pentachloride  on  the  corresponding  sulphonic  acid.*  It 
is  more  readily  soluble  in  water  and  alcohol  than  the  v-acid. 
and  crystallizes  in  silky  needles,  which  melt  at  130° — 134° 
(Kriigtr)  but  according  to  Llaus  and  Roc  at  148°,  It  decom- 
jjoses  on  distillation  into  water  iiud  the  anhydride,  which 
crystallizes  in  lustrous,  asymmetric  tablets,  and  melts  at  96° — 97°. 

DUhloTfypkihalk  add.  CoHjClj(COjH)j,  is  obtained  by  heating 
dichloronaphthalene  tetrachloride,  Ci^ClgHgCl,,*  and  /3-dichtoro- 
naphthalene  ^  with  nitric  acid.  It  is  readily  soluble  in  alcohol 
and  hot  water,  and  crystallizes  in  compact  prisms,  which  melt  at 

'  Jahni^.  Chem.  1880,  882. 

•  Ber.  Oiutieh.  CAani.  Ga.  xvuL  1768.  »  CiiarescM,  ibid.  xii.  1514. 

•  AUn,  £mU.  Soe.  Cktn.  xuvL  431  ;  Cltna  and  Di^lina,  Bcr.  DaUtdi.  VUtni. 
I   tk*.  XV.  819  :  Claoaand  Uiiller,  ii»d.  xviiL  3073. 

'  B&,  iMd.  xTiii,  8B59  ;  /naujuroW.  Ben.  1686. 

•  F«nst,  Aiiit.  Chem.  Fharm.  clx.  61. 

'  Atterbergi  Ber,  DtaUch.  Chem.  Oct.  X.  67 4. 


183° — 185°.      Its  anhydride  melts  at  IST"  and  forms  cryatala 
which  are  very  similar  to  those  of  benzoic  acid. 

TricJilorophUialie  acid,  CaHClaCCOjH)^,  which  has  been  i 
pared  by  the  oxidation  of  jS-pentochloronaphthaletie  with  nitr 
acid,  forms  a  yellowish,  crystalline  mass,  and  is  converted  i 
heating  into  the  (inhjdride  which  melts  at  157°  and  sublimef 
in  lung  needles,' 

TdrachlorffpUhalw    add,   CCl,(CO^H)j,    was    obtained     fronl 
o-pentach I oro naphthalene.     It  is  also  formed  by  the  action  ( 
chlorine  on  phthalic  acid  in  presence  of  antimony  chloride,* 
crystallizes  from  water  in  email  plates  or  hard,  thick  prise 
which  melt  at  250°  and  form  an  anhydride,  which  crystallizes  id 
long   needles,  melting  at  245°;   these   are  insoluble    in 
water  but  gradually  dissolve  in  hot  water,  the  acid  being  r 
formed.* 

Ethyl  tetrachtoi-ojihlhalate,   CJi^l^{CO^^}lg)^,  is  prepared  I 
heating  the  silver  salt  with  ethyl  iodide ;  it  forms  large  prisms  " 
which  melt  at  60°.     An  isomeric  compound  is  obtained  when 
the  acid  ia  treated  mth  phosphorus  chloride  and  the  tetrachloro- 
phthalyl   chloride  funned   submitted  to   the  action  of  sodiumv 
ethylate  (p.  461) ;  it  crystallizes  in  tablets  and  melts  at  124°.* 

v-Btwrnphthalic  acid,  CaHsBrCCOjHJj  (3:1;  2),  is  forme* 
when  phthalic  acid  is  heated  with  bromine  and  water  to  180° 
it  is  an  indistinctly  crystalline  powder  which  melts  at  138° — liQJ 
and  yields  an  anhydride  melting  at  60°- — 65°,' 

a-BTonwpkthalic  acid  (4  : 1 :  2)  is  obtained  by  the  oxidation  o 
bromonitronaphthalene,  C,,^Br(NOj),^  tetrabromo-^S-naphtbol '' 
;md   dibromamidonaphthalene  **    with  potassium  permanganate. 
It  crystallizes  in  white,  prismatic  needles,  which  melt  at  175°- 
176°  and  are  converted  into  an  anhydride  melting  at  131° — 13X 

a-ZHirffmophtlialic  add,  CgH,Brj(COjHjj  (3:6:1:2),  was  p 
pared  by  Guareschi  by  the  osidation  of  a-dibromonaphthalene^ 
with  nitric  acid.  It  separates  from  hot  water  as  a  crystalline 
powder,  which  melts  at  about  135°  with  decomposition;  on 
further  lieating  the  anhydride  sublimes  in  light,  nacreous  needlef 
melting  at  207-5°— 208°. 

'  Atterlrerg  aud  WidmniiD,  for,  Deutaeh.  Chevt.  Ga.  s.  1 S43. 
"  Ibid,  iviii.  Ret.  676.  »  Gl^be,  Ann.  CAfln.  I'liarm.  cjtlii.  li 

'  Grabe,  Brr.  Deutich.  Cheni.  Qu.  Kvi.  860. 

"  Faiut,  Jim.  C4cm.  Pharm.  nix.  62 ;  Pechmanu.  Btr,  DeiiUrli.  Chan. 
2126. 
•  OnftTBnclii,  Ann.  Clum.  Pharm.  ccxziL  282. 
'  A.  J.  Smith,  Jount.  Vhem.  Sac,  1870,  i.  7P2. 
'  MeMola,  Hid.  I8S5,  i.  61 1  ;  sen  lUao  SUJIaiJ   lii,/,  IseU  i  187. 
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0-l>&romiifAtAalK  and  is  fonned  b;  the  oxidatjcm  of  pentad- 
'bromo-«-napblbol,  and  crystallizes  from  hot  water  in  needles 
'hich  melt  at  206°  and  are  thus  converted  into  the  aohydride, 
irhich  sublimes  in  long  needles  and  melts  at  S08°.  The  salts  of 
this  acid  are.  with  tbe  exception  of  those  of  the  alkali  motals, 
only  slightly  soluble  in  water.^ 

TrSvfnnvphtkalic  add,  CgHBrj(COjH)j,  is  prepared  fiwm  penta- 
bromo-;J-naphtbol ;  it  is  almost  insoluble  in  cold  water  and 
crystallizes  ^m  hot  water  in  lustrous  plates  which  melt  at 
190° — 191°  and  are  converted  at  a  higher  temperature  iuto  the 
anhydride,  which  sublimes  in  white  plates  and  melts  at  157°.* 

Tetrtihromophthalu:  acid,  C^r,(COjH)j,  was  obtained  by  Bliim- 
lein  as  a  product  of  tbe  oxidation  of  telrabrumorthoxylene  ;  it  is 
almost  insoluble  io  tbe  ordinary  solvents,  and  crystailizos  from 
boiling  water  in  lustrous  needles,  and  on  the  evaporatiOQ  of  its 

lUitiou  in  bonzene  in  prisms,  which  melt  at  266°  and  are  thus 
converted  into  the  anhydride,  which  sublimes  in  small,  lustrous 
Jieedles,  melting  at  25S° — 259°.  Its  salts  are  fur  the  most  part 
insoluble,  or  only  slightly  soluble,  in  water. 


NITROPHTHALIC  ACIDS. 

2247  vNitTophthaUi-  acid,  C„H3(NO^(CO,H)5  (3:2:1).  is 
formed  by  the  continued  boUing  of  napbtbaleno  with  nitric  acid,* 
by  the  action  of  a  mixture  of  nitric  and  sulphuric  acids  on  phthalic 
acid*  and  by  the  oxidatiou  a-nitronaphthalene  with  i)otassiuui 
perniangauate  ^  or  of  a-dinitronaphtbulene  with  nitric  acid."  In 
order  to  prepare  it,  one  part  of  nitronaphthalene  is  dissolved  in 
7  parts  of  90  per  cent,  acetic  acid,  and  to  this  are  gradually  added 
6  ports  of  chromium  trioxiJe  ;  water  is  then  addod  and  the  solu- 
tion extracted  with  chloroform  to  remove  the  orthonitrophthalido 
which  is  always  formed.  The  acid  hquid  is  then  treated  with 
barium  carbonate,  and  the  insoluble  barium  nitrophthalate  de- 
composed by  carbonate  of  soda.  The  solution  of  the  sodiiiiu 
salt  is  then  acidified  and  the  nitrophthajic  acid  extracted  with 

1  Bliimleb,  Her.  DeKtath.  Chtm.Oa.  ivii.  2*86. 

>  Flesu,  ibid.  xrii.  147S. 

'  lAtirout,  Ann.  Chem.  Pharm.  xli.  110  1  Marlgnno,  Hitl.  xliL  7. 

*  Fnust,  ibid.  alx.  E7. 
»  Giureschi,  Ser.  Deulseh.  Chem.  Cm.  h.  284. 

*  Aguior,  Qrid.  v.  SSe. 


ether.i  It  crystallizL's  froiri  tliia  in  light  yellow,  monocUnie 
prisms,  which  are  filightly  soluble  in  cold,  more  freely  ia  hot 
Wiiter,  and  readily  in  alcohol.  It  decomposes  od  heating  into 
water  and  the  anhydride ;  in  a  small  sealed  tube  it  melts  at  218° 
(Miller). 

Add  ethyl  v-nitrophlhalaU.  C^HaCNOj)  (00^0^115)0 O^H.  is  ob- 
tained by  passing  hydrochloric  acid  into  an  alcoholic  solution  of 
the  acid;  it  crystallizes  from  hot  water  in  long  needles,  melting 
at  110-6°. 

Normal  tthyl  v-nilrophthalatf,  CoHs(NOs)(COsCjHJ^,  is  pre-' 
pared  from  the  silver  salt  by  the  action  of  ethyl  iodide,  and 
crystallizes  from  alcohol  in  long,  rhombic  prisms,  melting  at  45° 
(Miller), 

a-mtrophtlialic  add,  C^(^0^{CO;B.)^+'Rf>    (4:2:1),  U,^ 
formed,  together  with  the  preceding  compound,  by  the  nitratioi 
of  phthalic  acid.*    Ia  order  to  prepare  it,  50  gmis,  of  pbthoUflj 
acid  are  heated  with  75  grms  of  sulphuric  acid  and  the  aami 
amount  of  fuming  nitric  neid  for  two  hours  on  the  water  batli;< 
120  grms.  of  water  are  then  added,  and  the  whole  allowed 
stand  for  twelve  hours  in  the  cold.     The  precipitate  is  washed] 
and  extracted  with  ether,  the  residue  after  the  evaporation 
this  cousistiug  of  a  mixture  of  the  two  acids  accompanied  by 
little  picric  acid.     It  is  re-crystallized  from  water,  to  remove  thej 
greater  portion  of  the  v-acid,  the  mother  litjuor  evaporated 
dryness,  and  the  residue  dissolved  in  alcohol  and  treated  with-j 
hydrochloric  acid  gas,  which  converts  the  v-acid  into  the  acid 
the  a-acid  into  the  normal  ether.     These  are  separated  by 
bonate  of  soda  solution,  and  the  normal  ether  then  convej 
into  the  potassium  salt  by  the  action  of  alcoholic  potash;  thigi 
is  then  acidi6ed  with  hydrochloric  acid  and  the  free  acid 
ti"acted  with  ether.     It  may  be  still  more  easily  obtained  byi 
heating  paranitrophthalide  with  dilut-e  nitric  acid  to  1+0°.'     1( 
crystallizes  in  small  needles,  which   are  readily  soluble  in  wateri 
and  alcohol,  effloresce  in  the  air,  lose  their  water  at  100°,  waAi 
then  melt  at  161°. 

And  ethyl  a-nitropUhalate,    CgHj(NO^  (00^.0 iH;.)00jH, 
formed  in  small  quantity  when  an  alcoholic  solution  of  the 
is  treated  for  a  short  time  with  hydrochloric  acid,  and  crystallizeii 
from  water,  in  loug,  thin  needles,  which  melt  at  127° — 128°. 

'  Beilsluin  aud  Kiirbntow,  Anv.  Ckcm.  Phamn.  ccii.  Bl*, 

'  Miller,  ibid,  ocviii.  223. 

"  Haaig,  Ber.  DevUeh.  Chem.  Gcx.  xrii.  SHI. 
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A'ormal  tiift  a-iHtnp)UJtalmU,  C,H,(NO.XCOrC,H^^  is  in- 
soluble  in  water  and  aystaS^nea  frooi  aloohol  in  lustrous  txblets. 
which  melt  *t  34', 

a-KUropkUUdic  aiAyinde.  C,H^O^^  u  obtained  by  boat- 
ing the  acid  to  170*  and  sabliming  tbe  r^du«  in  a  mirent  of 
air  at  2IU°,  in  tbe  foon  of  (asckrular  crystals,  wbjch  m«Hat  114° 
and  are  readily  sohible  in  ether  and  hot  wat<-r.  If  the  aqueous 
solatioa  be  evaporated,  a-oitiophthalic  acid  is  deposited. 

IHnUrcjAiiutlie  acid,  C.H/NOJ^COjH),  (5:3:2:1),  b 
formed  when  ^-diDitropbtbalene  b  heated  to  150°  with  nitric 
acid  of  sp.  gr.  115  in  a  sealt^  tube,  small  quantities  of  nitro- 
plitbahc  acid,  s-dinitrobeuzoic  acid,  and  picric  acid  betog  also 
formed.  It  cr}-gtallizes  in  large  pnsms,  which  sire  readily 
soluble  ia  water  and  alcohol,  and  melt  at  SSG°.* 


/CO,H 
AMIDOPHTHALIC   ACIDS,  CflHj^Nn,  . 

2248  v-AmidophUudic  add.  When  the  v-nitro-acid  ia  treated 
with  tin  and  hydrochloric  acid  in  the  cold,  needles  of  the  com- 
pound C.HjCNHyClH)(C0jH)j+SiiClj+2H,0  are  formed.  If 
the  hydrochloric  acid  solution  of  this  h«  treated  witli  sulphuretted 
hydrogen  and  evaporated,  carbon  dioxide  b  given  off  and  meta- 
aiiiidohenzoic  acid  formed. 

Ethjl  v-amidopUhd<Uc.  Q^^(^'K;){CQ^.Cfi^j,  is  prepare! 
by  treating  a  well-cooled  alcoholic  solution  of  the  ether  of  tho 
iiitro-acid  wilh  hydrochloric  acid  and  zinc  liust.  It  is  a  yellow 
liquid,  which  decomposes  on  heating  and  forms  a  splfiidid  blue 
fluorescent  solution  in  ether  (Miller). 

a-AmidopTUhalie  acid.  When  the  a-nitro-acid  is  reduceil,  no 
carbon  dioxide  b  evolved,  but  no  double  tin  salt  ia  formetl.  On 
removing  the  tin  and  evaporating,  however,  carbon  dioxide  is 
evolved  just  as  in  the  case  of  the  v-acid,  and  metamidohenzoic 
acid  formed. 

If  the  reduction  be  carried  on  by  means  of  zinc  dust  and 

acetic  acid,  a  double  compound  of  zuic  acetate  and  nine  iimido- 

pheuate  is  formed,  which  has  probably  the  constitution  C^Hg 

(NHj)(C0jH)C03.Zn.0.C0,CH,.  and  cryBtallizes  in  fine,  wMtL 

'  JJL'iJfliciii  sdJ  Kurbatow,  ^1111.  Chen.  Pkamv.  <»itt.  IH.*^ 


needles,  wliich  form  an  almost  colourless  solution  in  hot  water, 
while  its  solution  in  acetic  acid  is  coloured  yellow  and  has  a 
green  fluorescence.  It  dissolves  in  caustic  soda,  but  tbesoluuoa 
decomposes  on  heating,  zinc  carbouate  is  deposited  and  the 
amidophthalic  acid  decomposed.' 

S!lkf/l  a-a7nidophihalate  was  first  prepared  by  Baeyer  but 
mistaken  for  the  v-compound*  until  Miller  showed  that  it  is 
derived  from  the  a-acid.^  This  substance  is  obtained  in  a  similar 
manner  to  the  isomeric  compound ;  it  is  insoluble  in  water. 
slightly  soluble  in  dilute  acid,  readily  in  alcohol,  from  which  it 
crystallizes  in  monocUnic  prisms,  which  melt  at  95° ;  the  dilate 
ethereal  solution  shows  a  faint  blue  fluorescence. 


SULPHOPHTHALIC  ACIDS    aH,-^SO,H. 
\CO„H 


3149  a-SiilphupJUhalic  acid  (1:4:2)  is  obtained  by  heating 
phthaUc  acid  or  pbthalio  anhydride  with  strong,  fuming  sul- 
phuric acid,*  and  by  the  oxidation  of  /S-naphthalenesuIphamide, 
C,(|H,SOj.NH^,  and  dinitronaphtholsu  I  phonic  acid,  C,oH,(NOj)j 
{0H)S03H.''  It  remains  as  a  syrup  when  its  solution  is 
evaporated  on  the  water  bath,  but  solidifies  after  heating  for 
some  time  to  a  mass  consisting  of  stellate  groups  of  sharply- 
pointed  prisms ;  these  contain  a  molecule  of  water,  which  is  lost 
at  140°,  a  brownish  syrup  being  formed,  which  often  solidifies 
on  standing.  On  heating  to  180°,  the  anhydride,  CoHj(CjOJ 
HO3H,  is  formed  as  a  hard,  brown,  very  hygroscopic  mas 

Tiie  normal  barium  salt  crystallizes  in  plates  or  silky  needli 
slightly  soluble  in  water;  when  it  is  dissolved  in  the  necessaiyi 
aiiiovmt  of  hydrochloric  acid,  the  monacid  salt,  CjHjCCOjBaSO^ 
COjH+2HjO.  is  formed,  and  crystallizes  from  hot  water  in  h 
needles ;  it  is  converted  by  solution  in  an  excess  of  hydrochloi 
acid  into  the  diacid  salt,  (CflHj(C02H)^SOj,)jBa+5HjO,  whii 
also  crystallizes  in  lustrous  needles. 

'  Bemtluan  and  Smuper,  Ber.  Deviich.  Ohtm.  GtM.  xix.  161. 
'  Ibid.  X.  124  and  t0f9. 
■  Ibid.  li.  IIDI. 

*  Low,  Ann.  Ohtm.  Phann.  ciliii.  240 ;  Bia,  Ser.  Deuttch.  Cheta,.  Get.  : 
192S  ;  Inaugtirald.  Bern.  1888  ;  Ann.  Chan.  Fharvl.  cuixiiii.  216. 

•  Gnibe,  Ber.  DtuUch.  Chen.  Oa.  xviii  1126. 
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SULPHA  jnCPHTH  A  Lie  ACIDS. 

Wben  the  mooacid  ammonium  salt  is  heated,  the  ammonitiiu 
salt  of  a-tuljikophihalimiile  ia  formed;  it  crystalhzes  in  mono- 
Bymmetrii:  pnsms,  and  is  decomposed  on  heating  with  formation 
of  phthaltmide : 


c,] 


/C=NH 
„  /      >0  X=NH 

'"^CO  =  C,H,<   >0 


+  SO,  +  NH.  -t  n,o. 


a-Sidphamidophthalic  and.  CaHs(SOj.NH;)(COjH)^  When 
B-salphophthnlic  anhydride  is  treated  with  phosplionis  penta- 
chloride,  the  monochloride,  CoH3(SOgCl)(CO,ir)j,  is  formecl.  and 
is  converted  hy  ammonia  into  the  amide,  which  crystalhzes 
from  water  in  small,  transparent  prisms  (Ree), 

v-SulpkophtTialif  acid  (\  :  3  :  2)  is  formed  when  a-naph  thai  en  e- 
Biilphamide  is  oxidized  with  potaaaiiim  permanganate.  The  first 
product  is  the  anhydride  of  snlphamidophthalic  acid,  whlcli 
yields  the  sulphouic  acid  on  heating  with  hydrochloric  acid : 

/CO  .^ijTT  yCOjH 

G,H,^SO.-^         +2H,0=C„H.f-S0,H  +NH,. 
\COjH  "  \CO,H 

It  is  readily  soluble  in  water,  and  forms  salts  which  crystallize 
well.'  The  normal  barium  salt,  (CaH3(CO,)5Ba.SOs),Ba+8H,0. 
crystallizes  in  transparent  tablets. 

Snlphamidophthalic  anhydride  or  Sulphinidepktkalic  ncld, 
CaHjT^SOg+  2HjO,  crystallizes  from  hot  water  in  needles,  which 
become  anhydrous  at  loo."  Alkalis  do  not  convert  it  into  sul- 
phamicphthalic  acid ;  it  is  a  dibasic  acid,  the  hydrogen  of  the 
imide-group  being  easily  replaced  by  metals. 

Normal  potassium  sulphinidephthalatc,  CgHjKjNSO^,  is  very 
readily  soluble  in  water  and  dries  to  an  elastic  mass,  from  which 
semi-crystalline,  spherical  masses  separate  on  standing. 

jicid  potassium  sidphinidephllialate,  CgH^KNSOj  +  HjO.  is 
only  slightly  soluble  in  cold,  readily  in  hot  water,  and  crystallizes 
in  long  acute  prisms,  which  rapidly  lose  their  water  at  100°. 

Worma/  silver  mlpkinidephthalate,  CgHjAggNSOj  +  HjO,  is  a 
white  precipitate,  which  is  scarcely  soluble  in  boiling  water,  but 
dissolves  in  a  hot  solution  of  potassium  nitrate  and  separates  out 
again  on  cooling. 

'  ReniBen  nnd  Comstock,  Am/r.  Chem.  Joiira.  v.  106  ■.  Sto\iB«,  ihid.  vv.  ^1- 
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Acid  silver  sulphinidephthuUUe,  CgH^AgNSOg  +  H,0,  is 
formed  when  the  normal  salt  is  heated  with  nitric  acid,  or  when 
silver  nitrate  is  added  to  a  diUite  boihng  solution  of  the  acid 
potassium  salt.  It  crystallizes  on  cooling  in  long,  pliant  needles, 
which  become  anhydrous  below  135^ 

The  silver  salt  is  converted  into  the  methyl  ether  by  treat- 
ment with  methyl  iodide. 

Normal  vidhyl  mlphinidephthdlute,  C^^(GlS^^^O^y  crys- 
tallizes from  alcohol  in  colourless  needles,  which  melt  at  180°  and 
readily  sublime  in  iridescent  plates. 

Acid  methyl  s^UjphinidephthalcUe,  CgH^(CH3)NS03,  separates 
from  an  alcoholic  or  hot  aqueous  solution  in  long,  striated  prisms, 
or  long,  narrow  tablets,  which  melt  at  190'7° — 191*7°  and  readily 
volatilize.  When  it  is  successively  treated  with  phosphorus 
trichloride  and  methyl  alcohol  the  dimethyl  ether  is  formed. 

In  order  to  determine  the  constitution  of  the  acid  sulphinide- 
phthalates,  tbe  acid  potassium  salt  was  heated  with  phosphorus 
pentachloride,  the  compound  CgHgCljSOgNPOClg  being  formed  ; 
it  crystallizes  in  small  prisms,  and  is  converted  by  methyl  alcohol 
into  the  trimethyl  ether,  C8H4(CH3)3NSOg,  which  separates  from 
hot  water  in  needles  or  long  narrow  prisms,  which  melt  at  140*5** — 
141'5°.  The  constitution  of  these  compounds  is  expressed  by  the 
following  formula} ; 

C^H3^gg;^>N.P0Cl,  c,H34S— >^«. 

\C0C1  \CO.OCH3 

Since  the  monomethyl  ether  is  converted  into  the  diethyl  ether 
by  the  action  of  phosphorus  chloride  for  a  short  time,  followed  by 
the  treatment  described  above,  it  follows  that  in  the  first  of  these, 
and  therefore  in  the  acid  sulphinidephthalates,  it  is  the  hydrogen 
of  the  imido-group  which  is  replaced  (Stokes) : 

CeH3^S0>^^^»  +  PC1,= 
\CO.OH 

CaHg^SO  ^^^^s  +HCl+POCIs. 

\coci 

CoHj^SO  >^^^»  +  H0.CH3=CJL^S0  >^^^3  +HCI. 

\co"ci  "  '\co:ocH3 


ISOPHTHALIC  ACID. 


BOPHTHALIC  ACID  OR  METAPHTHALIC  ACID. 

2250  Tliia  compound  is  fnnnecl  by  the  oxidation  of  met-a- 
rlenc;,'  raetatoliiic  acid,'  and  other  111  eta-compounds  with  two 
Je-chains  containing  carbon.  It  has  also  been  obtained  by 
jBng  potassium  motasulphobenzoate  ^  and  potassium  meta- 
lomobenzoate *  with  sodium  fonnate  (Part  III.  p.  31),  and  has 
)en  found  among  the  products  of  the  oxidation  of  colophony 
ith  nitric  acid."  In  order  to  prepare  it,  metaxylene  is  converted 
ito  metaxylyiene  diethyl  ether,  and  this  is  then  oxidized  with 
bomic  acid  solution,  the  reaction  proceeding  very  smoothly.^ 
I  dissolves  in  7,800  parts  of  water  at  25°  and  in  460  parts  at 
)0°,  crystallizing  in  hair-like  needles,  which  usually  extend 
rough  the  whole  liquid,  and  are  readily  soluble  in  alcohol.'  It 
elts  at  above  300°  and  sublimes  without  decomposition. 

Potassium  isophthalate,  CgHjO.K^,  is  readily  soluble  in  water, 
8s  readily  in  alcohol,  from  which  it  crystallizea  in  fascicular 
Kiups  of  needles. 

Cakvtim  isophthalate,  2C'gH,0,Ca  +  SH^O,  is  scarcely  more 
ibihle  in  hot  than  in  cold  water  and  forms  fine  needles. 

Hum  iaophlhalak,  2CgH,0,Ba  +  THjO,  is  readily  soluble  in 
&ter  and  crystallizes  from  a  concentrated  solution  in  lustrous 
"es,  which  effloresce  in  the  air.* 

Silvfr  isophthalate,  CgHjOjAg^,  ia  an  amorphous  precipitate, 
liich,  like  mercury  thiocyanate,  forms  a  voluminous  vermiform 
ass  on  heating. 

Methyl  isophthalat'',  CjH^(COj.CHj)j,  lias  been  prepared  from 
ie  silver  salt  by  means  of  methyl  iodide.  It  crystallizes  from 
ante  alcohol  in  long  fine  needles,  melts  at  64° — 65°,  and  dbtils 
Hhout  decomposition.* 

Ethyl  isophthalate.  0^11^(00;. CjHj)„,  has  heen  obtained  by  the 
Btion  of  hydrochloric  acid  on  an  alcoholic  solution  of  the  acid. 

•  FittiK&Dd  Velgoth,  Ann.  CAem.  Phann.  cxlriiL  11. 

■  Waito  and  Lamlolf,  Ber.  LeutKh.  Chtia.  Oct.  viit  721. 

■  V.  Meytr,  Ann.  Chcm,  Pharm.  clvi  2TB. 
'  Ador  and  Hejer,  ibid.  clix.  IS. 

■  Fittu(  and  Storsii,  ibid.  cliiL  284. 

•  W.  H.  pBrkio,  JQD.  Prirato  coninumication. 
'  Fittig  and  Storas,  Ann.  Chan.  Pharm.  cliii.  2S(. 

■  Kolbe.  Ibid.  ccx.  20. 

•  V.  Ytytr,  Ber.  Deuiaeh.  CAcm.  Ga.  iv.  262  ;  Baeyor,  Anji.  rim.i.  Pharvi. 
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It  tH  a  liquid  which  possesses  a  faint  but  pleasant  odour,  boils  at 
about  285°,  and  solidifies  at  0°  to  a  dazzling  white,  radiating  mass 
{Kittig  and  Storsa). 

Phenyl  isopMhalate,  CgHjfCOj.CgHJj,  is  formed  wlien  phenol 
is  heated  with  the  chloride ;  it  crystallizea  in  long,  fine  needles 
which  melt  at  120°  and  ai-e  only  slightly  soluble  in  alcohol. 

Isophthalyl  chloride,  C8H^(C0C1)2,  is  obtained  by  the  distilla- 
tion of  the  acid  with  phosphorus  chloride  as  an  oily  liquid,  whick 
boils  at  270°  and  solidifies  to  a  radiating,  crystalline  mass,  melting 
at  41°  (Schreder). 

hophthalamide,  C(Hj(C0.NHj)2,  is  formed  by  the  a^on  of 
ammonia  on  the  chloride  and  is  a  light,  white  powder,  wliich 
melts  at  265°,  is  slightly  soluble  in  alcohol,  but  scarcely  dissolves 
in  any  other  of  the  ordinary  solvents.  On  heating  with 
pliosphoTUfl  pentoxide  it  is  converted  into  isophtbalonitril.' 

Mctacyanohenzoic  acid,  CgH^(CN)COjH,  is  obtained  by  allow- 
ing a  hydrochloric  acid  solution  of  metadiazobenzoic  acid  to  run 
into  a  solution  of  copper  sulphate  and  cuprous  cyanide : 


1 


N=zNCl  CN 

2CflH^<f  +Cu,{CN),  =  2C,h/  +Cu„CL  +  2N^  \ 


It  is  readily  soluble  in  alcohol  and  hot  water,  and  crystallize 
from  the  latter  in  microscopic,  arborescent  neeiUes,  which  after  | 
drj-ing  form  a  dull  white  powder  and  melt  at  217°. 

Boiling  caustic  soda   solution  readily  converts  it   into 
phthalic  acid.^ 

JSlkyl  mitacyanohtntoaU;  CaIIj(CN)C0.CjH5.  crystallizes  ijjj 
fine,  matted  needles,  which  melt  at  48°. 

Beiaeni/lamidacimcmetacarhoxyHc  add,  is  prepared  by  hcatioff  J 
metacyanohenzoic  acid  for  a  long  time  with  an  alcoholic  solutioi^ 
of  hydroxylamine,  and  forms  crystals  which  are  readily  boIuUs  J 
in  alcohol  and  hot  water,  and  melt  at  200°.  It  is  formedJ 
according  to  the  equation : 

.NH, 

C„nx  +  HjN.OH  =  CaHjC     ^N.OH. 


*\< 


CO,H 


■CO^ 


'  SchreilCT,  BcT.  Devheh.  Chem.  Ga.  i 
'  Beyer,  Jimni.  Prald.  Chem.  [2]  )!xii. 
'  Swidmoynr,  Bcr.  Dttilgch,  Chem.  Oes. 
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The  ethyl  ether  b  prepared  in  a  similar  manner  from  the 
correspoDiJing  ether  of  raetacyanobenzoic  acid  and  crystallizes 
from  hot  water  in  needles,  which  mylt  at  118°.' 

2sophlhaUmitril,  CgH,(CN}5,  is  formed  by  the  distillation  of 
potassium  benzene metudiaulphonat«  with  pfjtasaium  cyanide,* 
or  of  potassium  metabromosiilphonate  with  dehydrated  potassium 
ferroeyanide ; *  it  forms  fine  needles,  which  melt  at  160° — Itll", 
are  only  very  slightly  soluble  in  water,  somewhat  more  readily 
in  alcohol,  and  are  converted  into  isophthalic  acid  by  heating 
with  alkalis. 


ADDITION    PRODUCTS    OF    ISOPHTHALIC 
ACID. 

TetraJi!/tlro-i»^>hthalic  add,  CaHg(COjH)j,  is  prepared  by  boil- 
ing an  alkaline  solution  of  isophthalic  acid  with  sodium  amalgam 
for  some  time,  and  crystallizes  from  hot  water  in  needles,  which 
melt  at  199°,     Its  dimethyl  other  is  an  oily  liquid.* 


SUBSTITUTION    PRODUCTS    OF    ISOPHTHALIC 
ACID. 

2351  Cfkhro-isophthalio  acid.  2C9H3ClCCOijH)j+ H^O,  has 
been  obtained  from  the  aroido-acid  by  means  of  the  diazo- 
reactioQ,  and  crystallizes  from  hot  water  in  long,  very  fine 
needles,  which  become  anhydrous  at  120°,  and  melt  at  278° 
(Beyer). 

Jodo-isophthalic  acid,  CeH,I(COjH)j  (4  :  3  :  1).  is  formed  by 
the  oxidation  of  acetyliodotoluene,  CHs.CCCoHgl.CHg.  which 
will  be  subsequently  described.  It  is  scarcely  soluble  in  cold, 
only  very  slightly  in  boiling  water,  and  crystallizes  from  hot 
acetic  acid  in  Email,  white  needles,  which  melt  at  203° — 204°, 
but  sublime  in  white,  lustrous  flocks,  without  previously  melting, 
I-  when  carefully  lieated.     On  fusion  with  caustic  potash,  para- 

'  Hiillflr,  Btr.  Ikvlaeh.  Chem.  Qa.  ) 
'  Barth  sad  Senhorer.  ibid.  viii.  14B: 

*  I.imjiricbt,  ihid.  clixx.  92. 

*  Itaejer,  But.  DfulMk.  Chcm.  On.  j 
I  VOL.  111. — PART  IV. 


hydroxybenzoic  acid  is  formed,  while  it  yields  benzoic  aciJ  whi 
reduced  in  alcoholic  solution  by  sodium  amalgam^ 

HilrQ-isophaMlic  acid,  2CgH.,(NOj)(COjH)j+3HjO, 
pared  by  beating  isopbthalic  acid  with  fuming  nitric  acid  fc 
some  time ;  *  it  ia  slightly  soluble  in  cold,  very  readily  in  boiling 
Wilter  and  alcohol,  and  crystallizes  in  thin,  lustrous  plates,  re- 
sembling those  of  benzoic  acid,  which  readily  lose  their  water 
and  melt  with  slight  decomposition  at  218° — 24!)°. 

Its  salts,  some  of  which  crystallize  well,  have  been  full] 
examined  by  Beyer. 

Mfthyl  liilro-uiophthalate,  i^^^(j!iO;i{GO^.QK^^  is  formed 
when  hydrochloric  acid  is  passed  into  an  alcoholic  solution  of 
the  acid,  and  crystallizes  in  fine,  lustrous  needles,  which  melt  at 
ISlo",  aud  yield  a  vapour  which  smells  hke  aniseed. 

Ethyl  nUro-vmphthalate,  C6Ha(N0JCC0a.CjHJj,  forms 
needles  or  transparent  prisms,  which  melt  at  83'5°. 

Amido-isnpht/ialicacid,  CaHj(NHj)(CO,H)j,  ia  readily  obtaini 
from  the  nitro-acid  by  reduction  with  tin  and  hydrochloric  acid 
It  is  only  slightly  soluble  in  cold  water  and  alcohol,  crystallizing 
from  hot  water  in  lustrous  plates  and  from  alcohol  in  priaois. 
It  combines  with  acids  and  bases  forming  compounds  which 
have  been  investigated  by  Beyer.  Its  ethers  are  obtained  by 
the  reduction  of  the  corresponding  nitro-compounds. 

^fcthpt  amido-isophthalak,  CoH3(NHj)(C02.CH3)j,  m-ystallizes 
from  wood-spirit  in  thin,  yellowish  plates  or  tablets,  which  melt 
at  176°. 

Ethyl  amido-ieophihalaU,  CaH3(NHj)(C0,,Ci,HJg.  forms 
plates  or  fascicular  needles,  melting  at  118°.  Its  ethi 
solution  has  a  splendid  violet  fluorescence. 

s-Sulpho-^UopMhalic  acid, CH^(C0^^S0^B.-i-2Efi  (1:3:5), 
is  prepared  by  the  action  of  sulphur  trioxide  on  isopbthalic  acid,' 
and  by  heating  the  latter  to  200°  with  fuming  sulphuric  acii 
It  is  very  readily  soluble  in  water,  but  only  slightly  in  dill 
sulphuric  acid,  and  crystalUzcs  in  long  needles  or  trans] 
four-sided,  pointed,  rhombic  columns,   which   effl 
air,  but  deliquesce  in  very  damp  air.     The  anhydrous  acid  m< 
at  257° — 258°,  a  slight  discoloumtion  taking  place. 

a-SuJpho-impKlhalio  acid,  CgHjCCO^HJ^SOgH-t-  2HsO  (1 : 3 
is  obtained  by  the  oxidation  of  an  alkaline  solution  of  a-m 

1  Klingal,  Ber.  DeiUwk  Clieia.  Oea.  itviii.  2701. 

»  Filtij;  anil  StorsH,  HM.  I'liii,  286  ;  liBver,  Jonm.  Prnil.  Chtin.  f2]  txr.  i 

•  UeiDB,  Brr.  Dcut/cli.  CIkm.  Git.  xiii."*l)l.  '  Luuiiies,  ibul.  xiiL  70S. 
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zylenesulplumic  acid.^  or  metatolaylsntphamic  acid  ^  with  potas- 
sium pemiaiiganate.  It  is  readily  soloble  hi  water,  and  crystAllizes 
from  dilute  sulpharic  add  in  Sat,  veij  hTgroscopic  needles 
melting  at  23o°—2*(i\ 


TEREPHTHALIC   ACID. 

3353  Paraphthalic  acid  is  readilj  formed  by  the  oxidation  of 
those  para-  compouuds  which  possess  two  side-chains  containing 
carbon,  such  as  paraxvlene,*  cymene.  or  metfaylpropylbenzene. 
CH,C,H,.C,H„  cumiDol  or  cuminaidehyde.  COH.C,H^-C»Hj,» 
pftratoluic  acid,"  &c.  Caillot,  as  already  mentioned,  obtained  it 
from  oil  of  turpentine,  C,|,H,g,  which  is  closely  related  to  cymene. 
The  isomeridea  of  this,  oil  of  cajeput,  oil  of  citron,  and  the 
tbymene  contained  in  thymian,  all  yield  terephthaUc  acid  on 
oxidation,^  and  it  is  also  formed  when  potassium  parasulpbo- 
benzoate  is  fused  with  sodium  formate.' 

In  order  to  prepare  it,  a  mixture  of  100  grms.  of  paraxyleoe, 

ich  need  not  he  pore,  400  grms.  of  potassium  dichromate  and 

iO  grms.  of  sulphuric  acid,  diluted  with  two  volumes  of  water, 

heated  for  several  days  in  a  flask  connected  with  a  reflux 

idenser  until  the  solution  has  become  coloured  a  pure  green  ; 

le  unattacked  xylene  is  tlien  distilled  off,   and   the  solution 

tered  from  the  precipitated  acid,   which  is  dissolved  in  dilute 

carbonate  of  soda  and  precipitated  by  hydrochloric  acid.     The 

acid  is  obtained  pure  by  repeating  this  process  two  or  three 

times. 

Cymene,  which  is  easily  prepared  by  distilling  camphor  with 
phosphorus  pentoxide,  may  be  employed  instead  of  paraxylene, 
or  Roman  cumin  oil,  a  mixture  of  cymene  and  cumiiiol,  may 
be  used. 

TerephthaUc  acid  is  a  tasteless  powder,  which  appears  crystal- 
line under  the  microscope,  is  insoluble  in  ether  and  chloroform, 
and  scarcely  soluble  in  water  and  alcohol ;  the  hot,  saturated, 
aijucous  solution  has  an  acid  reaction,  and  deposits  the  acid  ou 

'  JacabGen  and  Liinnie*,  Scr.  DtittKh.  Clitm.Gi*.  siiL  1566. 
'  CoalB  and  R«mseD,  Jmar.  Cha^  Joan,  iii,  214, 
'  BeiUtuin,  Ann.  Chtm.  Pharm.  cxxxiii.  40. 

*  MtiEer  and  Wnrren  de  U  Hue,  tttil  caL  B7. 

°  BeiUt^in  and  Ynnl  de  SchcppcT,  aid.  oxxzvU.  308. 

•  Scbwaaert,  Ond.  cxxxii.  260. 

T  Btmues,  Ber.  DeuUck.  CheiK.  Ofs.  v.  B79. 

vv-J. 


484  AROMATIC  COMPOUNDS. 


cooling  as  an  indistinctly  crystalline  powder.  It  sublimes  when 
heated  without  previously  melting. 

Ammonium  terephthalate,  C^fi^(l^Tl^i,  is  deposited  on  the 
evaporation  of  its  solution  in  small,  lustrous  crystals. 

Calcium  terepJUhalate,  CgH^O^Ca  +  SH^O,  separates  from  hot 
water  in  small  crystals,  which  dissolve  in  1,214  parts  of  water 
at  6°. 

Barium  terepMhalate,  CgH^04Ba  +  ^HjO,  is  deposited  from  a 
rapidly  cooled  solution  as  a  white,  granular  powder ;  by  gradual 
evaporation  it  is  obtained  in  small,  concentrically  arranged  tablets, 
which  dissolve  in  355  parts  of  water  at  5°. 

Silver  terepMhalate,  CgH^O^Agg,  is  an  amorphous  precipitate, 
which  blackens  in  the  light. 

Methyl  terephthalate,  0311404(0113)2,  is  formed  by  the  action  of 
the  chloride  on  methyl  alcohol,^  and  crystallizes  from  hot  alcohol 
in  large  flat  prisms,  which  melt  at  140°  and  are  volatile  without 
decomposition.  By  means  of  this  compound  the  smallest  quantity 
of  terephthalic  acid  can  be  detected.  The  substance  is  treated 
with  phosphorus  chloride  and  then  with  methyl  alcohol,  water 
being  finally  added  and  the  methyl  compound  extracted  with 
ether.  On  the  evaporation  of  the  latter  characteristic  crystals 
of  the  compound  are  obtained. 

Ethyl  tcrcphthalate,  0^114(002.02115)2,  forms  white  odourless 
prisms,  which  resemble  those  of  urea  and  melt  at  44°. 

The  following  ethereal  salts  have  been  prepared  by  Beyer, 
some  by  means  of  the  chloride,  the  remainder  from  the  silver 
salt :  2 

Melting- 
point. 

Propyl  terephthalate,  OgH4(C02.08H7)2,  long  needles  ....  31*0° 
Isopropyl  terephthalate,  OgH4(002.03H7)2,  lustrous  plates .  55*5° 
Isobutyl  terephthalate,  0^114(002.0411^)2,  needles.  .....  52*5° 

The  normal  butyl  ether  is  liquid,  while  the  tertiary  butyl 
ether  is  only  formed  with  great  difficulty,  and  has  not  yet  been 
obtained  in  considerable  amount.  Miiller  and  Warren  de  la 
Rue  have  prepared  the  amyl  ether;  it  crystallizes  in  scales, 
which  arc  melted  even  by  the  warmth  of  the  hand. 

Plunyl  tereplUhalate,  0^114(002.0^115)0,  crystallizes  from  alcohol 
in  fine  needles,  melting  at  191°.^ 

^  Warren  dc  la  Rue  and  Miiller  ;  Schwanert,  Joe,  cU. 
*  L'cr.  Vmtsch.  Chan.  Gcs.  x.  1742. 
^  Schroder,  ihid.  vii.  707. 
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tion  of  the  *ci3  whii  jiiigr^iras  i«f^ihu-H«:c!3r  joi  is  j^  :cy>- 
talline  mass.  wikSci  hsi£  %  s^zcurrwhiri  siiirj.  c«3:cr  lYs^criKir^ 
cinnamon.  meiiS  ai  7S*   Sii^eirr  -hzii  :»:cj5  i^i  ±5:<*   BtTx*-^ 

of  ammonia  on  iLe  cLizffii^-,  as  a  -b-Iitc-  asiciyiv-us  jx"*TrivT, 
which  is  indjluble  in  all  sn-irez.:*  'UTasre-n  \ie  la  Kce  ar-c! 
Muller;. 

TcrcphikalimU  «ii  C^^  COJCH.  OOjH,  is  cbtaiDevl  as  ibe 
product  of  all  rEacti-jikS  by  vLich  paracranc^henKoc  acid  mi^hi  bo 
prepared,  as  the  elenienis  of  water  are  taken  up  by  the  Utter 
according  to  the  following  e:]X2axio*n : 

yCS  ,CO,NIL 

Terephthalamic  acid  crystallizes  ia  indistinct,  mioiv>$co{>io 
plates,  which  are  slightly  soluble  in  cold,  readily  in  hot  water 
and  alcohol,  melt  at  214^  and  are  converted  into  terephthalie 
acid  by  boiling  with  caustic  soda  {Sandmeyer^^. 

Ethyl  paratyanoUmoat€,  C^H^(CN\COj.CjHj,  is  prvjiarevl  frinu 
ethyl  paramidobenzoate  and  crystallizes  in  needles,  molting  at 
54^  On  heating  with  an  alcoholic  solution  of  hydroxylamiiu\ 
the  ethyl  ether  of  henzenylamidarimcparacarharylic  acid,  O^H^ 
(COjH)C(NHj)XOH,  is  formed  ;  it  melts  at  135**  and  Wolds  the 
firee  acid  which  melts  above  330°.^  The  mota-  and  j^in\-i\v;uiv>- 
benzoic  acids  and  their  ethers,  therefore,  behave  towanls  hydn>- 
xylamine  like  other  nitrils,  while  the  ortho-compounds  diftor 
firom  these. 

Terephihal&nitrU,  C^H^(CN)2,  is  prepared  by  heating  torophtha- 
lamide  with  phosphorus  pentoxide  (Warren  de  la  Rue  and 
Hiiller)  or  by  distilling  potassium  benzenepanulisulphonaUs^ 
potassium  parachlorobenzenesulphonate,'  or  potassium  p'vra- 
bromobenzenesulphonate  *  with  potassium  cyanide  or  dohydralinl 
potassium  ferrocyanide.^  It  is  insoluble  in  water,  slightly  solublo 
in  cold,  readily  in  hot  alcohol,  and  crystallizes  in  ncotUos  or 
lustrous  prisms,  which  melt  at  215°  and  readily  sublime.     It  is 

*  Miiller,  Bcr.  Deutsche  Chcm.  Ges.  xviii.  2485  ;  xix,  1491. 

*  Garrick,  ZcUschr,  Chcnu  1869,  551. 

*  Nolting,  Bcr.  DeiUsch.  Chcm,  Ocs.  viii.  1110. 

*  Irelan,  ZcUachr.  Chtin,  1869,  164  ;  Barth  ami  Sonhofur,  Ann,  Chan,  Phartn, 
174,  242. 

^  Limpricht,  ibid,  olxxx.  88. 


converted  into  terephthalic  acid  by  boiling  with  an  aqueous,  or 
more  rapidly  with  an  alcoholic,  solution  of  potash.  It  is,  how- 
ever, better  to  decompose  it  by  heating  to  160°  with  hydrochloric 
acid  (Linipricht). 


ADDITION  PRODUCTS  OF  TEREPHTHALIC 
ACID.i 

3253  Telrahydrolerephtkalic  acid-,  C,H|j(COjH)j.  In  order  to 
prepare  this  substance,  5  grnis.  of  terephthalic  atrid  are  dissolved 
in  a  little  caustic  soda  solution  and  boiled  for  twenty  hours,  oOO 
grms.  of  4  per  cent,  sodium  amalgam  being  gradually  added. 

It  is  scarcely  soluble  in  cold  water  and  requires  120  parts  of 
boiling  water  for  solution,  from  which  it  crystallizes  on  cooling 
in  small,  arborescent  prisms,  which  melt  above  300°  and  subhme. 
Its  silver  salt  is  a  white  amorphous  precipitate  which  blackens  in 
the  light. 

Methyl  teiraki/droterephtJiakUe,  CflHg(COj.CHj)j,  is  formed  by 
the  action  of  methyl  iodide  on  the  silver  salt,  as  well  as  by 
passing  hydrochloric  acid  into  a  solution  of  the  acid  in  wood- 
spirit.  It  b  thus  obtained  as  an  oily  liquid,  which  smells  of 
fennel  and  booo  solidifies  in  large  prisms,  melting  at  39°.  It 
crystallizes  from  ether,  in  which  it  forms  a  blue  fluorescent 
solution,  in  long  needles. 

Hexhydroterepktkalic  add,  CyH,,(COjH)j,  is  obtained  by  heating 
the  tetrahydro-acid  to  240'  for  six  hours  with  concentrated 
hydriodic  acid.  It  is  even  less  soluble  in  water  than  the  tetra- 
hydro-compound  and  crystallizes  from  hot  water  iu  small  prisms, 
melting  at  about  295°.  It  is  very  stable  towards  alkaline  per- 
manganate solution,  while  the  tetrahydro-derivative  is  oxidized 
to  oxalic  acid  by  this  even  in  the  cold.  Its  methyl  ether  melts 
at  08°  and  resembles  the  preceding  compound,  b»it  does  not 
give  a  fluorescent  solution. 

DUiromohcxhydroterephtlialic    acid,    CoHgBrj(COjH),  -t-  HjO. 

is  best  prepared  by  treating  finely  divided  tetrjJiydroterephthalic 

acid  for  several  hours  with  an  ethereal  solution  of  bromine,  the 

mixture  being  agitated  at  intervals,  and  repeating  this  operation 

L  until  the  acid  is  almost  completely  dissolved.     The  solution  is 

EB*eyrr,5fl-.  Dculwh.  Chan.  On.  lii.  180S. 
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tlien  decolourized  with  sulphur  dioxide  and  the  acid  extracted 
by  carbonate  of  soda  solutiou.  It  ia  precipitated  from  the  latter 
by  hydrochloric  acid  in  granular,  cubic  crystals.  Its  methyl  ether 
is  formed  by  the  combination  of  bromine  with  the  ether  of 
tttrahydroterephthalic  acid,  and  crystallizes  in  large  prisms 
melting  at  73°. 

Tetrahydrophthalic  acid  behaves  towards  bromine  in  the  same 
manner  as  cinnaraic  and  fumaric  acids.  When  the  brominated 
acid  is  heated  with  caustic  soda  solution,  a  dihydroterephthalic 
acid  is  formed,  which  resembles  terephthalic  acid  very  closely. 
A  syrupy  acid  is  however  formed  by  the  action  of  freshly  pre- 
cipitated silver  oxide,  which  ia  probably  a  d i hydroxy hexhydro- 
terephthalic  acid,  and  is  converted  by  the  action  of  bromine  into 
tetrahromocatechol : 

CaHg(0H)j(C0,H)3  +  7Br,  =  CaBr/OH)^  +  2C0j+ 1  OHBr. 

The  constitution  of  tetrahydrophthalic  acid  is  proved  by  the 
furmatiou  of  this  substance,  and  may  also  be  deduced  trova  the 
following  considerations. 

Phthalic  acid  only  assumes  two  atoms  of  hydrogen  when  acted 
upon  by  sodium  amalgam  and  water,  while  isophthalic  and  tere- 
phthalic acids  combine  with  four.  The  simplest  explanation  of 
tliis  fact  is  that  the  double  linking  of  two  carbon  atoms  is  con- 
verted into  a  single  one,  if  at  least  one  of  these  be  combined  with 
a  carhoxyl  group.     The  following  formula  are  thus  arrived  at : 


Dihjitlrophthalic  acid, 

CH 
HC/\CH-C0,H 

nd^/CH— co,H 

CH 

TetraliydroterBpTithalio  aciJ. 
OH— CO.H 


H.c/^< 

hA/' 


\/CH 
CH— 00,H 


Tetrahydro-iBoplithiLlic  acid. 

CH— CO,H 
H,c/NcH, 
HC\/CH— CO,H 
CH 

DihydroxylieihfdrntorephEhalic  Mid. 

CH— CO,H 
H,c/\CH.0H 
H,0\/CH.OH 

CH— CO,H 
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SUBSTITUTION  PRODUCTS  OF    TERE- 
PHTHALIC   ACID. 

2354  Chhroterephihalic  acid,  CaHgClCCOjII),  is  prepared  firom 
amidoterephthalic  acid,  and  b  slightly  soluble  in  hot  water,  more 
readily  in  alcohol.  It  ia  crystalline,  and  melts  above  300°.  The 
chloride,  CeHgCl(COCl)a,  obtained  by  the  action  of  phospborus 
cbloride,  is  also  crystalline  and  boils  at  about  300°.  By  treating 
this  with  ammonium  caibonate,  the  arnide,  CaH^ClCCO.NHj)^ 
is  formed,  and  crystallizes  from  aleobol  in  crusts,  melting  above 
300°. 

Methyl  chloTUerepkihalate.  C(,H^Cl(CO^CHs)s,  forms  sill^ 
plates,  melting  at  60.° ' 

Bromoterepkthatic  acid,  CaH3Er(C02H)a  +  H^O,  ia  formed  by 
the  action  of  pota^iuni  permanganate  ou  an  alkaline  solution 
of  bromoparatoluic  acid.  It  is  almost  insoluble  in  cold  water, 
and  crystallizes  from  hot  water  in  dazzling  wbite,  microscopic 
needles,  which  melt  at  304° — 305°.  Phosphorus  pentacblorida 
converts  it  into  the  cldoride,  CgHjBr(COCi)j,  an  oily  liquid, 
which  boila  at  304-5° — 305*5°,  is  only  gradually  decomposed  by 
water,  and  combines  with  aqueous  ammonia  to  form  the  amide^ 
CjHjBrCCO.NHj)^,  which  crystallizes  from  hot  water  in  small 
needles,  melting  at  270°. 

Methyl  broTnoterepkthalate,  CflHjBrCCOj.CHj)^,  crystallizes  in, 
concentrically  arranged  groups  of  needles,  melts  at  42°  and  boils 
at  above  300°.* 

DUiTovwierephthalic  add,  Q^fiiJ^CO^^,  is  prepared  by  heat^ 
ing  dibromocymene,  CgHgBrj(CHj)C3H,,  for  some  time  with 
nitric  acid,^  and  by  the  oxidation  of  dibromotoluic  acid  with 
potassium  permanganate'  It  crystallizes  from  hot,  dilute  alcohol 
in  small  plates,  which  have  a  satin  lustre,  do  not  melt  even  at. 
320°,  and  subhme  at  a  higher  temperature  with  decomposition. 

Ethyl dihromotercpltthalate  crystallizes  from  alcohol  inn 
plates,  melts  at  121°  and  boils  at  about  335°, 

Nitroterephtkalic  add.  CoHs(NO^(COsH)s.  is  formed  by  treat 
ing  terepbthaUc  acid  with  a  mixture  of  funiiug  sutphniic  and! 

'  Alirens,  Ber.   DeiOUh.   Cheta.   Oa.  lii.  1634. 
'  Fiachli,  ibid.  xii.  61fl. 

•  OlftUB  Bnd  Wimniel,  ibid.  liii.  B02. 

*  SthiUlz,  ibid,  iviii.  17S2. 


CHLOBOTEBEPSTHLALLC  JdCLD.  ^^ 

nitric  acids,  asii  crrgGiniaBS  in  Dcsni:? :    ::!:  afoanct*  i».^iii  IilC 

«  te  ^ 

water  in  caoKdower-iike  maasm.  wiucii  hikIz  iz  ±7  ;".* 

Jf^thfl  !iiir:ter?va£/uiu£C<,  C,,Hj  N*.\  •rOj.CH^y  cryscilliits 
from  ether  in  spleniiifi  pdan^.  Triiicii  mjel^:  iS  T  :'.* 

Sitrc4fn^ktA'j^j7nuu,  C^;  y*-\  COXH^^  ins  obcainc^i  by 
Warren  de  la  Kae  ami  ItdlJer  ia  ▼•=11  &.r:ii«::ii  pnsm;j  by  ibji 
nitration  of  terephthalamiiie. 

Amid*jierfpktkaLLc  a*^,  C^EEyXEL  CO^BT*  is  fjcnwd  by  tire 
reduction  of  the  nitro-adii  with,  nn  tknai  h^irxhlf^tit:  acid,  and 
crystallizes  in  thin,  lemon-yeHow  prjszLS  or  zn>:«B*Iike  tonus* 
"which  are  only  slightly  sjinbie  in  ccH  wacer  and  alcohol,  and 
decompose  on  heating  wiiii'iiit  mrluiii;^.  Their  aqueous  or 
alkaline  solutions,  and  tbjee  o£  their  salts  and  ethers,  which 
latter  are  crvstaQine  bi>iiifs  bat  have  not  been  described  in 
detail,  show  a  remarkable  blue  iiu<:*rescecce,  while  acidideii 
solutions  of  the  adfi  do  not  pjssess  this  prc>perty. 

Methyl  ara idcienphthalat/^^^JS^  ^H^  CO J^H^^  *,  formscrystals, 
melting  at  126°;  its  alcoholic  an*i  ethenral  solutions  abo  show  a 
strong  blue  fluorescence  ^Ahrens  . 

Diamidottrephthalic  add^  QH^^H^^^'CO^ITij.  is  not  known 
in  the  free  state;  its  ethyl  ether  has  been  prepared  from 
sucdnosuccinic  ether  (Pt.  IIL,  p.  146}.  When  the  latter  is 
heated  with  ammoniimi  acetate,  a  di-imide  is  formed,  which 
crystallizes  in  shining,  yellow  needles,  melting  at  18 1^  Duthyl^ 
diamidaUrtphthalaie  is  obtained  by  the  action  of  bromine  on  its 
solution  in  sulphuric  acid : 

COj-CjHg  COj-Cjiig 

CH  C 

H,C\/'c=zNH  HC\/C-NH, 

CH  C 

It  crystallizes  from  hot  alcohol  in  lustrous  golden  noodloR  of 
the  colour  of  potassium  dichromate,  which  melt  at  108**.  Its 
brown  alcoholic  or  ethereal  solution  shows  a  jjoldon-yrllow 
fluorescence.  It  forms  slightly  soluble  salts  with  hyih-orhlorin 
and  sulphuric  acids. 

1  Warren  de  la  Rue  and  Muller,  Ann,  CJum.  P/uirm.  cxxl.  DO ;  HiiivkliiinU, 
Ber,  DctUsch,  C?iem.  Ges.  x.  144.  "  Aliruiw,  t'AiW.  xix.  IrtH^. 
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When  a  soliiticm  of  ito  diazo-conipound  in  hydrochloric  acid  is 
heated  with  an  acid  eolntion  of  cuprous  chloride,  an  acid  ia 
formed  which  is  probably  dicbloroterepbthalic  acid,  since  it  la 
converted  into  terephtbalic  acid  by  the  action  of  sodium  amalgam 
and  watcr.^ 

Sulphoterephthalic  acid.  CeH3(S03H)(CO,H)(,  is  obtained  by 
heating  terephtbalic  acid  with  funimg  sulphuric  acid  *  and  by 
the  oxidation  of  sulphoparatoluic  acid,  paratoluylsulphaniic  acid, 
or  psiraxylenesulphonic  acid  with  potassium  permanganate,'     It 

IEbrms  a  bygroscopic  mass,  and  yields  salts  which  are  soluble  in 
imter,  but  insoluble  in  alcoliol. 
r 
aa 
pber 
aldel 
(h 
Bcidi 
Bomc 


HYDROXYMETHYLHYDROXYBENZOIC  ACID, 
xOH 
C,H,^CO.H 

\ch;oh. 


I 


3355  These  compounds,  which  are  simultaneously  alcohols  and 
pbenols,  are  fonneil  by  the  action  of  sodium  amalgam  on  the 
aldehydo-acids,  which  are  described  below,* 

Orthohyiirtyrym&ihylaalicylie  add  (1  :  2  :  6)  ia  precipitated  by 
acids  from  its  alkaline  solution  as  an  oil,  which  solidifies  after 
Bome  time  to  hard,  white  crystals ;  it  is  readily  soluble  in  bot 
water,  alcohol  and  ether,  and  crystallizes  from  the  latter  in 
transparent  prisms,  which  melt  at  142°.  Its  aqueous  solution 
is  coloured  an  intense  bluish-violet  by  ferric  chloride. 

ParaAydrtm/methyUalin/Hc  acid  (1:2:4)  is  shghtly  soluble 
in  alcohol  and  ether,  and  crystallizes  from  the  latter  in  long 
prisms,  which  melt  at  160'  with  decomposition.  Ferric  chloride 
colours  the  solution  violet. 

Ortkokj/droxy^nelhplparahydroxybfmoic  add  (1  ;  4  : 2)  is  a 
white  powder,  which  does  not  melt  below  270',  and  gives  no 
colouration  with  ferric  chloride. 

42S- 

<er.  Datlith ,  Chen ,  Get.  lir. 

emsuB,  ibid.  xii.  1431 ;  Barney  and  Renucn,  jinur.  Chem.  Joum. 

:  D/tilsch.  Chfni.  at*,  xi.  790. 


ALDEHYDOHYDROXYBENZOIC 
/OH 
C,H3^CO.H 
\COH 

2256  These  are  prepared  by  heating  the  hydroxy  benzoic  acids 
with  caustic  aoda  and  chloroform ; 

.OXa 
C^H.-r  +  3XaOH  +  CHa,  = 

^CO^Na 

/ONa 
CgHj^COH     +  SNaCl  +  2H,0. 
\COjNa 

They  are  converted  by  reduction  into  the  preceding  alcohol- 
acids,  and  by  fusion  with  caustic  potash  into  the  hydroxyphthallc 
acids.  They  combine,  like  other  aldehydes,  with  the  sulphites  of 
the  alkali  metals. 

Ortho-aUWiydoiolieyUc  acid  (1  ;  2  :  6)  is  obtained,  together 
with  the  following  compound,  from  salicylic  acid.  It  crystallizes 
in  fine,  matted  needles,  which  dissolve  at  23° — 25'  in  1,500 — 
1,600  parts,  or  at  100°  in  15— IG  parts  of  water.  The  aqueous 
solution  is  coloured  deep  yellow  by  caustic  soda,  and  red  by 
ferric  chloride,  and  the  alcoholic  solution  shows  a  faint,  bluish 
violet  fluorescence.  It  melta  at  179°  and  sublimea  without 
decomposition  when  carefully  heated.  On  distillation  with 
slaked  lime  it  decomposes  into  ealicylaldehyde  and  carbon 
dioxide.  The  copper  salt  is  a  gelatinous  precipitate,  which 
is  soluble  in  ammonia;  on  boiling  the  solution  a  light  blue 
precipitate  of  CgH^O^Cu  is  thrown  down. 

PaTa-aldthydosalitylic  acid  (1:2:4)  forms  long,  fine  needles, 
which  melt  at  248"— 249°,  and  dissolve  in  2,600—2,700  parts  of 
water  at  25°,  and  in  145 — 150  parts  at  100°.  Its  aqueous 
solution  is  not  coloured  by  caustic  soda,  while  ferric  chloride 
produces  a  deep  cherry-red  colouration.  On  distillation  with 
lime,  parahydroxybenzaldehyde  is  formed ;  its  copper  salt  is 
also  soluble  in  ammonia,  but  is  not  precipitated  on  boiling.' 

OrCho-aldehydoparaht/droxybenzoic  acid  (1:4: 2),  was  obtained 
by  Reimer  and  Tiemann  from  parahydroxy benzoic  acid ;  it 
'  Keimer  and  TiFmami,  Bfj-.  Dculsrh.  Chan.  Oei.  in.  1268,  i.  ISOZ, 
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crystallizes  from  hot  water  in  thin,  arborescent  prisms,  which 
melt  at  243"* — 244^  and  sublime  in  splendid,  white  needles. 
Its  aqueous  solution  is  coloured  deep  yellow  by  caustic  soda  and 
brownish  red  by  ferric  chloride.  Salicylaldehyde  is  formed  when 
it  is  distilled  with  caustic  lime. 

Ortho-aMchydometahydroxyhenzoic  acid  (1:3:6)  is  obtained, 
together  with  the  following  compound,  from  metahydroxybenzoic 
acid.  It  crystallizes  in  needles,  which  melt  at  234^  and  are 
slightly  soluble  in  hot  water  and  readily  in  alcohol.  Its  aqueous 
solution  is  coloured  violet  by  ferric  chloride  and  deep  yellow  by 
caustic  soda.  On  boiling  with  caustic  soda  it  is  only  decomposed 
at  a  high  temperature,  phenol  being  formed. 

Para-aldehydainctahydroxyhenzoic  add  (1:3:4)  has  only  been 
obtained  as  a  syrup ;  it  is  very  unstable  and  reduces  Fehling's 
solution  readily.  On  fusion  with  caustic  potash  it  is  converted 
into  a-hydroxyisophthalic  acid.^ 


/OH 
HYDROXYPHTHALrIC  ACIDS,  CeHj^CO^ 

\CO2H 

2257  a-Hydroxyphthalic  acid  (4:1:  2).  When  the  ethyl  ether 
of  a-amidophthalic  acid  is  dissolved  in  dilute  sulphuric  acid, 
treated  with  sodium  nitrite  and  then  heated  to  100°,  the  ether 
of  a-hydroxyphthalic  acid  separates  out  as  a  yellowish  oil,  which 
yields  the  free  acid  on  saponifying  with  potash ;  it  is  purified 
by  precipitating  the  neutral  solution  with  basic  lead  acetate 
and  removing  the  lead  by  sulphuretted  hydrogen.^  It  is  also 
obtained  by  oxidizing  the  sulphamido-orthotoluic  acids  with 
potassium  permanganate  and  fusing  the  residue  with  potash,' 
and  is  formed  when  para-aldehydometahydroxybenzoic  acid,* 
a-chlorophthalic  acid,^  and  a-sulphophthalic  acid  ®  are  fused  with 
caustic  potash  or  soda. 

It  is  tolerably  soluble  in  cold,  very  readily  in  hot  water  and 
alcohol,  and  crystallizes  in  large  stellate  groups  of  pointed  prisms 
which  melt  at  about  185°,  the  anhydride   being   formed  ;  on 
heating  with  dilute  hydrochloric  acid  to  180°,  it  decomposes 

*  Landshoff  and  Tiemann,  Ber,Dcutsch.  Chcm,  Ges.  xii.  1334. 
^  Baeyer,  ii>irf.  x.  1079.  '  Jacobsen,  ibid.  xiv.  42. 

*  Tiemann  and  Landshoff,  ibid,  xii.  1337. 
»  Kriiger,  ibid,  xviii.  1759. 

*  Grabe,  ibid,  xviii.  1130  ;  Reo,  Inaiig^irald.  Bern.  188^. 
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into  carbon  dioxide  and  metahydroxybenzoic  acid  (IWe),  Its 
aqueous  solution  is  coloured  reddish  yellow  by  ferric  chloride- 
When  the  acid  ia  heated  with  resorcinol,  hydrosyfluorescem  is 
obtained,  which  forms  a  dark,  yellowish  red  solution  in  caustic 
potash,  and  ia  slightly  soluble  in  water  with  a  yellowish  green 
fluorescence ;  acids  separate  it  from  its  alkaline  solution  as  a 
yellow  precipitate. 

a-HydroxypMhalie  anhydridt,  CgHjO^,  sublimes  in  feathery 
needles,  when  the  acid  is  heated  and  melta  at  165° — 166°. 

a-MetkylhydroxyplUhalU  acid,  C6Hj{OCH3)(CO;H)j,  is  formed 
by  the  oxidation  of  methylparahydroxyorthotoluie  acid  with 
potn.ssiuai  permanganate,  and  crystallizes  from  water  in  stellate 
groups  of  needles,  which  lose  water  on  heating,  forming  the 
anhydriile,  which  sublimes  in  long  needles  and  melta  at  93°.^ 

v-JTydroxyorthopkthalic  acid  (3 : 1  ;  2)  is  prepared  by  gently 
fusing  v-methylhydroiyphthalic  acid  with  potash,  and  by  means 
of  the  diazo-reaction  from  the  product  of  reduction  of  a-nitro- 
phtbahc  acid,  which  contains  amidopbtfaalic  acid.     It  separates 
from  hot  water   as   a   compact,  crystalline  mass,  consisting  of 
abort,   hard   prisma,   wliich  are    partly   converted   by   heating 
into  the  anhydride,  melting  at  145° — 148°,  and  are  partly  de- 
composed into  phenol  and  carbon  dioxide.     Its  aqueous  solution 
i  coloured  a  deep  cherry-red  by  ferric  chloride.     When  it  is 
ated  to  200°  with  resorcinol,  hydroxyfluorescein  is  formed. 
[  Dinitro^-hydroxyphthalie  add,  C^{^0^^((yi£){QO^\,  was 
1;  obtained  by  the  action  of  nitric  acid  on  juglon,  a  hydroxy- 
vphthoquinone,  C,oH5(OH)Oj,  which  occurs  in  green  walnut 
tells  (Juglans  regid),  and  was  csWeA  juglonic  acid.     It  may  also 
B  prepared  by  the  nitration  of  v-hydroxyphthalic    acid ;    it  is 
jptionally  soluble  in  water,  alcohol  and  ether,  and  separates 
1  petroleum  ether  in  small  crystals.     Its  acid  potassium  salt, 
tHgKNjOg,  crystallizes  in  yellow,  rhombic  plates,  which  detonate 
Tolently  on  healing.     It  can  be  recrystallized  from  nitric  acid 
p  dilute  sulphuric  acid  without  undei^ding  decomposition.' 
[  v-Methythydroxypktkalic    acid    has    been    prepared    by    the 
Kidation  of  v-metbylorthohomometahydroxy benzoic  acid  ;  it  is 
Blorably  soluble  in  water,  and  crystallizes  in  microscopic  prisms, 
bich  melt  at  160°.  and  are  thus  converted  into  the  anhydride, 
"hich  sublimes  in  needles  and  melts  at  87'.* 

'  Scliall,  Her.  DeiiW^h.  Chem.  Off.  xii.  820. 

'  BcniUiafii  nnit  Sempor,  ibid,  xviii.  310  i  xix.  184. 

'  Jaoobacii,  ibid.  xvi.  Hn. 
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^H  2258  a-lIyc/roxpisojihthaHc  add  (4  ;  1 : 3)  is  formed,  together 
^H  with  a  large  quantity  of  hydroxytrlmesic  acid.  CgHj(OH)(C0jH}j, 
^H  when  carbon  dioxide  is  passed  over  disodium  salicylate  heated 
^H  to  370" — 380°.'  It  may  be  obtained  in  a  similar  maimer  from 
^^^  parahydrosybenzoic  acid,  which  first  changes  into  salicylic  acid.* 
^^V  It  is  also  formed  by  the  oxidation  of  para-aldehydosolicylic  acid 
^^B  or  ortho-aldebydoparahydrDxybcQzoic  acid  with  potassium  per- 
^H  mougaoate,  and  when  thb  acid,^  a-metaxylenol,*  01  a-metaxylene- 
^H  Bulphooic  acid/  is  fused  with  potash.  When  an  alkaline  solation 
^^P  of  salicyUc  acid  is  heated  to  120° — 130°  with  tetrachloromethane, 
^^  a-hydroxyiaophthalic  acid  is  obtained,  together  with  a  little 
v-hydroxyisophthalic  acid." 

In  order  to  prepare  it,  phenol  is  dissolved  in  an  alkaline  solu- 
tion which  contains  one  molecule  of  potash  to  three  of  soda,  the 
mass  evaporated  and  carbon  dioxide  passed  over  the  dry  residue 
for  some  time  at  120° — 160°,  the  temperature  being  finally  raised 
to  300° — 320°.  Tbe  chief  product  of  the  reaction  is  a-hydroxy- 
isopbtbalic  acid  accompanied  by  parahydroxy benzoic  acid  and 
hydroxy triraesic  acid,  almost  two-thirds  of  the  phenol  coming 
over  unchanged.  The  residue  is  decomposed  with  hydrochloric 
acid,  and  the  a-hydroxyiaophthahc  acid  repeatedly  recrystallized 
from  water.' 

It  forms  long  needles,  which  cross  each  other  at  an  angle  of 
60°,  melt  at  305°— 306",  and  dissolve  at  10°  in  5.000,  at  24°  in 
3,000,  and  at  100°  in  160  parts  of  water.  It  is  readily  soluble 
in  alcohol  and  ether,  but  not  in  chloroform,  by  means  of  which 
it  can  be  separated  from  hydroxy  trim  e  sic  atid.  Its  aqueous 
solution  is  coloured  a  deep  cherry-red  by  ferric  cMoride.  On  heat- 
ing to  200°  with  hydrochloric  acid,  it  decomposes  into  phenol 
and  carbon  dioxide,  while  on  dry  distillation  it  yields  salicyhc 
acid,  phenol  and  carbon  dioxide.  When  its  disodium  salt,  0^11, 
(OH)(COjNa)j,is  heated  to  250°,  the  trisodinm  salt,  Ca}t,(ONa) 
(COjNa)j,  is  obtained,  together  with  phenol  and  carbon  dioxide, 
while  the  potassium  salt  yields  a  large  amount  of  parahydroxy- 
benzoic  acid  when  heated  to  280°— 300°  (Ost). 

a-Mcthozyisophlhalic  add,  CoHs(OCH^(COjH)s,  is  formed  by 


i 


'  Ost,  Joum.  PnM.  Chan.  fS]  xiv,  99. 

'  KnpfBTlwrg,  ibid.  [2]  ivl  *2S. 

'  TieniBDn  luirl  Beitner.  Ber,  Dattach.  Omm.  Ocs.  x.  1^71. 

*  ,I«cobBon,  ibid,  li.  877. 

'  Jacobseii  uiil  Remscn,  ibid,  li.  377. 

'  HsBse,  ibid.  i.  21B5. 

'  Oat,  Joum.  Frail,  Chcm   (21  xv.  301 
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the  oxidation  of  a-metaxjleDvl  mooomethyl  eUier,>  cm*  metbyl- 
paiahomos&Iicjlic  acid*  with  potassium  pennanganat^,  and 
crystallizes  from  hot  water  in  microao^c  needles,  meltiog 
at  261°  (Schall). 

Dimethyl  a^hydroxyuophihaiate,  C,iyOH)(CO^CHJ^  forma 
large,  flat  needles  which  melt  at  96°  (Jacobsen). 

methyl  o-hydrosn/iMpktAalaU.  C,^(OH)(CO^C^s)j,  crystal- 
lizes in  fine  needles,  which  melt  at  52°  and  are  soluble  in  caustic 
soda  (Ost). 

v-ffi/droxyisophikalie  acid  (2:1:3)  is  formed  when  ortho- 
aldehydosalieylic  acid '  or  solphamido-isophthaltc  acid  *  is  fused 
with  potash.  It  crystallizes  in  hair-like  needles,  which  melt  at 
243°— 244°,  diffiolve  in  700  parta  of  water  at  24°,  and  in 
35-40  parts  at  100°,  Ferric  chloride  produces  a  cheny-red 
colouration  -  the  aqueous  and  alcoholic  solutions  show  a  bluish 
violet  fluorescence,  which  is  destroyed  by  alkalis.  The  acid  de- 
composes on  heating,  the  chief  portion  being  resolved  into 
salicylic  acid   and    carbon  dioxide. 

v-MelkoxyisoptUhalic  ticid,C^H,(OCH^(COiB:)j,  is  prepareil  by 
the  oxidation  of  methylorthohomosalicylic  acid  and  crystallizes 
from  water  in  prisms,  which  melt  at  216° — 218°,  turning  brown 
and  subliming  at  the  same  time  fSchaU). 

s-HydrKr-ifi»i:q3hthfilic  acid  (5:1:3)  is  obtained  by  fusing  s-sul- 
pho-isophtlialic  acid  with  potash,  and  by  means  of  the  diazo- 
reactioD  from  amido-isophthalic  acid.  It  crystallizes  from  hot 
water,  in  which  it  readily  dissolves,  in  fascicular  groups  of 
needles  with  two  molecules  of  water,  which  are  lost  at  100°, 
It  melts  at  288°  and  sublimes  in  broad,  lustrous  needles,  which 
dissolve  in  3280  parts  of  water  at  5°  and  are  coloured  a  faint 
yellow  by  feme  chloride.  It  decomposes  into  phenol  and 
carbon  dioxide  on  distillation  with  lime :  * 

Uultiag- 

Dimethyl  s-hydroxyisophthalate,  CgHj(OH)(CO^.CHj)g,  fine 

needles 160* 

Diethyls-liydrosyisophthalatG,CnH3(OH)(CO,.CjHJg  mono- 
clinic  prisms 103* 

2359  Hi/droxytercphtlialic  add  (2:1:4)  was  prepared  by 
Warren  de  la  Rue  and  MUller  from  amidoterephthalic  acid  by 

'  JarohMii,  Ber.  DeiUsA.  Chan.  Oe.'.  li.  808.  >  Schall,  ibid.  lii.  SSS. 

*  Tiemann  and  Eiemer,  ibid.  x.  1370,  •  Jaool>sen. 

•  Heine,  £tr.  DculKk.  Cheia.  Gca.  xll  491 ;  lunniia.  idid.  liia.  Til, 


the  action  of  nitrous  acid.'     It  is  also  formed  when  paraxylenol,'  ^,1 

bromoterephthalic  acid*  ortho-aldehydometaliydroxybenzoic  acid,*  *"«  I 
or  metahydroxyparatoluic  acid '  is  fused  with  caustic  potash. 

In  order  to  prepare  it,  ainidoterephthalic  acid  is  dissolved  in  «xi 

dilute  sulphuric  acid,  treated  with  sodium  nitrite  and  boiled.*  ■*_! 

It  foniis  a  powder,  which  is  slightly  soluble  io  hot  water,  readily  -^J 

in  alcohol,  and  sublimes  on  heating  with  partial  decumposltioa  mX' 

without  previously  melting.     Its  aqueous  solution  ia  coloured  an  ■-«• 

intense  violet-red  by  ferric  chloride.     When  it  is  mixed  with  ,«i. 

sand  and  submitted  to  dry  distillation,  it  decomposes  into  carbon  mx- 

dioxide  and  phenol,  and  on  heating  with  hydrochloric  acid  to  <:»d 

220°  is  resolved  into  carbon  dioxide  and  metahydroxybenzoie  oi 

acid,  while  fusion  with  an  excess  of  caustic  potash  converts  it  J-* 

into  Balicylic  acid,  together  with  a  smaller  amount  of  metahy-  — -\j 
droxybenzoic  acid.' 

Meth^xj/tfrephlkdlic  acid,  CaHgCOCHj^CCOgfflj,  is  formed  by  -<t* 

the  oxidation  of  methylmetahomosalicyhc  acid  *  and  crystallizes  ^a^ 

from  hot  water  in  small  prisms,  which  molt  at  277° — 279°,  and  Jt:>jc 

are  resolved  into  methyl  chloride  and  hydroxy terephthalic  add  i>-(i 
by  hydrochloric  acid  at  160°. 

Mmdhylhydr(xtytmphlhalalc,C^lOW){QO^£B.^^Moh\MSieA  -fc^ 

by  passing  hydrochloric  acid  into  a  solution  of  the  acid  in  methyl  X^ 

alcohol,  and  crystallizes  in  splendid,  silky  needles,  which  melt  at  J-*! 

04°  and  are  soluble  in  hot  water,  readily  in  alcohol      Fenic  =>ic 

chloride  gives  a  somewhat  fainter  colouration  than  with  the  free  ^^« 

acid.     When  the  ethenial  solution  is  shaken  up  with   caustic  «>-<' 

soda  solution,  the  sodium  compound,  CgHj(ONa)(COg.CHj,).,  is  ^»  s 

fonned  as  a   white  paste.      On  heating  the  acid  with  caustic  ^^ 

Boda,  methyl  iodide  and  wood-spirit,  the  trimethyl  ether.  CjHj  ^-i 

(0CHj)(C0yCH5).,  ia  obtained  as  an  oily,  pleasant-smelling  '^S 
liquid. 

IHmethyl  aectoxytercpUhlaU,    CeHj(OCO.CHj)(CO,.CHj),,   U  «=8 

prepared  by  heating  the  dimethyl  ether  with  acetyl  chloride,  ■  ~' 

and  crystallizes  from  alcohol  in  cauliflower-like  masses  of  fine  ^^ 
needles,  melting  at  76°  (Burckhardt), 

Dinitrohydroxytcnpldkalic    acid.    C(H(NOJ(OH)CCO^j,   is  ^fl 

'  Ann.  Chan,  Fknrm.  cxxi.  96.  ^H 

'  .Tncohsen,  Ber.  IhtiliKh.  Cluim.  Qea.  xi.  570.  ^^^| 

*  Puchli,  ibid.  lii.  62t.  ^^M 

*  Tipmaiin  niid  UodsholT,  ibid.  lii.  1336,  ^^| 
'  Hall  nnd  Remgen,  ibiil.  xii.  1433.  ^^H 

*  liurakhardt,  X  111.  ^^H 
^                                 '  Harlh  ani)  Schrvi^er.  xii.  1260.  ^^H 

"  Schnll,  ibid.  xii.  8'>8.  ^^H 
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tned  by  the  action  of  b.  mixtui'e  of  concentrated  nitric  acid  and 
ming  sulphuric  acid  on  hydroxyterephthalic  acid.  It  is  readily 
j^iible  in  water,  from  which  it  separates  in  golden  yellow,  trans- 
rent  crystals,  resembling  those  of  calc-spar,  which  are,  Uke  the 
illow  and  red  salts  of  the  acid,  explosive.^ 


HYDROXYMETHYLDIHYDROXYBENZOIC 
ACIDS, 


CoH,(OH), 


CHjOH 
'\C0.0H  ' 


260  In  1832,  Couerbe  detected  mcconin,^  CjoH,|,0,,  in  opium, 

Wohler   and   Liebig,    in    1842,    obtained    opianic    acid? 

Hj^O^,  by  the  oxidation  of  narcotin  or  opian,  which  is  also  an 

I  alkaloid.      This  acid  was  more  closely  investigated  by 

ST,  who  found  that  it  is  converteil  by  further  oxidation  into 

mipinic  acid,  C5H5O3.     He  assumed  that  in  its  formation  one 

lolecule  of  opianic  acid  took  up  oxygen  and  formed  two  mole- 

nipinic  acid ;  he  aaya :  "  It  contains  a  radical  which 

iBists  of  half  the  radical  of  opianic  acid,  and  this  is  referred  to 

s  name." ' 

nderson,  who  also  investigated  the  products  of  oxidation  of 

rcotin,  obtained  a  substance,  opiattyl,  in  addition  to  these  acids, 

1  pointed  out  that  it  shows  an  interesting  relation  to  opianic 

^d  hemipinic  acids  when  the  formula  of  the  latter  of  these  is 

^nbled,   as   his   and   Laurent's  °  researches   had  shown  to  bo 

"  For  we  have  as  follows  : 


scessary, 


Opianyl  .... 

Opianic  acid  .    . 
Hemipinic  acid 


CioHioO^ 

C,bH„0^ 


I  though  those  three  compounds  were  di£ferent  oxidation  pro- 
picts  of  the  same  radical."  ^ 

1  He  subsequently  found  that  opianyl   is   identical  with  me- 
^in.^ 
Matthiessen  and  Foster  then  made  the  important  observation, 

'  Bnrckhardt,  Bcr,  Dtvlxh.  Chnn,.  Oei.  xii.  1373. 
»  Jitii.  ClUm.  Pliffs.  xUx.  44 ;  I.  837  ;  lix.  148. 
'  Ann.  Cheti.  Phann.  xliv.  126. 

•  Ibid.  I  1.  *  Compl.  Hend.  xx.  1113. 

■  Ibid.  Ixuxyi.  179.  '  IMii.  xi:viil.  *t. 

1  VOL.  IIL — PABT  IV.  ^  TL 
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that  when  opianicacid  is  evaporated  witb  caustic  potash  solutioD 
it  is  resolved  into  meconin  and  hemipinic  a«id : 

2C,oH,oOb  =  C,oH„0^  +  C,„H,„0„. 

They  also  found  that  opianic  acid  is  reduc(id  to  incconin 
by  the  action  of  water  and  sodium  amalgam : 

C,oH,o05  +  2H  =  C„H,„0,+HjO. 

These  highly  characteristic  reactions  receive,  according  to 
them,  a  simple  explanation,  if  it  be  assumed  that  a  very  nn- 
Btable  hydrate  of  meconin,  CjoHijOg,  is  first  formed.  The  de- 
composition of  opianic  acid  then  becomes  quite  analogous  to 
that  of  beDzaldehyiie  into  benzyl  alcohol  and  benzoic  acid,  and 
the  reduction  of  the  former  also  corresponds  to  that  of  benzalde- 
hyde  to  benzyl  alcohol. 

By  heating  hemipinic  acid  with  concentrated  hydrio<lic  acid, 
they  obtained  carbon  dioxide,  methyl  iodide  and  hypogallic  add, 
according  to  the  equation : 

C„H„03+  2HI  =  COa  +  2CHjT  +  C,H,0^. 

If  hydrochloric  acid  be  employed,  inetkylhiipogaUie  and.G^fit 
is  first  formed,  and  is  converted  into  hypogallic  acid  by  further 
heating. 

Hemipinic  acid,  therefore,  as  well  as  opianic  acid  and  meconin,  ^  ^:z 
contains  two  methyl  groups,  and  the  three  bodies  in  question  m:x:-\ 
are  derivatives  of  the  still  unknown  normal  compounds : 

Normecouin  ....    C^H|,0,,  ^^H 

Noropianic  acid    .    .    C^H^Og,  ^^H 

Norhemipinic  acid    .    CgUjO^,  ^^^ 

as  thoy  may  be  shortly  designated,  ordinary  meconin  lieing  llms  -^^  s 
dimethylnormeconin  &c. 

They  then   succeeded   in  converting  the   latter,  as  well  as-s^^^ 

opianic  acid,   into   methybiomiKmiin,  G^fi^,   and   mdhylnor 

opianic  acid,  CgHgOg,  by  heating  with  hydrochloric  or  hydriodics:^ 

acid.     They  finally  considered  hemipinic  acid  to  be  dimethyl 

dihydroxyterephthalic  acid  and  looked  upon  opianic  acid  as  the?^ 
corresponding  aldehy do-acid,'  but,  as  shown  by  Matthiesaen  an*- 
Wright,  the  former  can  be  readily  converted  into  an  anhydride> 
and  must  therefore  be  dimdhyldthj/droryphthalic  acid. 

'  n>il.  Tram.  18fl3,  315 ;  JoarA.  Chmn.  Soe.  Pl  i.  W2 ;  ibid.  \i  857. 
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Liebermann  and  Chojnacki  proposed  the  following  formula 
for  opianic  acid : 

/COH 
C,H,(0Ciy3< 

\CO.OH 

and  this  was  confirmed  by  the  researches  of  Beckett  and 
Wright,  who  also  found  that  hypogallic  acid  is  identical  with 
protocatechuic  acid. 

In  the  case  of  meconin  there  were  two  possibilities ;  it  might 
be  either  hemipinic  aldehyde  or  the  anhydride  of  an  alcoholic 
acid: 

C,H,(OCH0,<^  C,H,(OCH,),/        ^O. 

The  facts  that  it  is  formed  from  opianic  acid  by  the  action  of 
nascent  hydrogen,  and  cannot  be  re-oxidized  to  opianic  acid, 
while  the  latter  is  converted  into  meconin  and  hemipinic  acid  by 
heating  with  caustic  potash,  are  in  favour  of  the  latter  view, 

Beckett  and  Wright  then  proved  that  this  view  is  correct,  and 
their  results  were  confirmed  by  the  researches  of  Hessert.^ 
Hemipinic  acid  is  dimethylcatecholdicarboxylic  acid,  and  can 
readily  be  converted  into  protocatechuic  acid  or  catecholcarboxylic 
acid,  in  which  the  side-chains  have  the  position  COgH :  OH :  OH  = 
1  :  3  : 4.  Since  hemipinic  acid  is  simultaneously  a  derivative  of 
phthalic  acid,  the  second  carboxyl  group  must  be  either  in 
position  2  or  6;  in  the  latter  case  it  would  yield  only  one 
acid  methyl  ether,  while  in  the  former  two  such  compounds 
would  be  possible.  Wegscheider  has  now  found  that  two  such 
isomerides  exist,^  and  he  has  also  obtained  isovanillin  by  heating 
opianic  acid  with  dilute  hydrochloric  acid,^  while  Beckett  and 
Wright  found  that  methylvanillin  is  formed  when  sodium 
opianate  is  distilled  with  soda-lime. 

It  follows  from  these  facts  that  the  constitutions  of  the  three 
compounds  in  question  are  represented  by  the  following  formulae  : 

Meconin.  Opianic  acid.  Hemipinic  acid. 

CHy^Q  COH  CO.OH 

/\co  /Nco.oH        /Nco.oH 

k  J0CH3  '\/OCH3  X/OCH, 

OCH3  OCH3  OCH3 

^  Joum.  Chem.  Soc.  1876,  i.  164,  281,  461. 

»  Monatah.  Chcm.  iii.  348.  ^  Ibid.  m.  IW. 
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Meconin  therefore  stands  to  hemipinic  acid  in  the  same  rela- 
tion as  phthalide  to  phthalic  acid. 

2261  Mcconinic  acid  or  Hydroxymethyldimeihoxyhenzoic  add, 
CeH2(OCH3)2(CH2.0H)C02H,  is  not  known  in  the  free  state. 
When  its  lactone,  meconin,  is  dissolved  in  baryta  water,  barium 
raeconinate,  (fl^^^fi^^d^,  is  formed,  and  is  left  on  evaporation 
aj3  a  gummy  mass  ^  (Kessert),  while  Prinz  obtained  it  in  line, 
silky  needles.^  Tliis  salt,  however,  yields  meconin  on  decom- 
position with  a  strong  acid.  The  copper  and  silver  salts  are  precipi- 
tates, which  decompose  on  heating  with  formation  of  meconin. 

Meconin^  0^^yf>^,  as  already  mentioned,  occurs  in  opium. 
Anderson  obtained  it,  accompanied  by  other  products,  by  the 
oxidation  of  narcotin  with  nitric  acid,  and  it  is  also  formed  by  the 
reduction  of  opianic  acid. 

In  order  to  prepare  it,  the  mother  liquor  of  the  opium  alka- 
loids is  extracted  with  ether,  the  solution  evaporated,  and  the 
residue  washed  with  hydrochloric  acid  and  re-crystallized  from 
water  (Anderson).  It  forms  white,  lustrous  needles,  which  have 
a  bitter  taste,  melt  at  102''— 102''-5  (Wright),  and  when  carefully 
heated  sublime  in  splendid  needles.  It  is  readily  soluble  in 
alcohol  and  ether,  and  requires  22  parts  of  boiling  water  and 
700  parts  of  water  at  15'5°  for  solution.  On  heating  with 
concentrated  sulphuric  acid,  a  pui-ple-coloured  solution  is  formed. 

It  forms  ethers  when  heated  with  stearic  or  benzoic  acids,  as 
was  shown  by  Berthelot,  who  concluded  from  this  that  it  is  an 
alcohol.^ 

Chlorovieconin,  CioH^ClO^,  was  prepared  by  Anderson  by  the 
action  of  chlorine  on  fused  meconin  or  on  its  aqueous  solution. 
It  crystallizes  in  colourless  needles,  which  are  scarcely  soluble  in 
cold,  somewhat  more  readily  in  hot  water,  and  more  freely  in 
alcohol,  melt  at  175°  and  sublime  without  decomposition. 

Bromomeconin^  CiQH0BrO4,  crystallizes  from  alcohol  in  colour- 
less needles,  melting  at  1C7°. 

lodomcccminy  CiqHqIO^,  is  formed  by  the  action  of  chloride  of 
iodine   on   an    aqueous   solution   of  meconin,   and    forms   long 
crystals  or  needles,  which  melt  at  112°,  and  decompose  when 
more  strongly  heated. 

Nitromecowin,  Q^^^i^O^X'^^MohiximQA  by  dissolving  meconin 
in  cold,  concentrated  nitric  acid,  and  precipitating  with  water. 
It  crystallizes  from  alcohol  in  white  needles  or  prisms,  which 

'  Bcr.  Dmlftch.  Clicm.  Gcs.  xi.  240.  -  Jounu^PraM.  Chan.  [2]  Xxiv.  373. 

5  Ann,  Chim,  Phys.  [3]  Ivi.  51  \Ann.  Chan.  Pharm.  cxii.  Sf^G. 
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incit  at  160°,  aD<l  sublime  when  carefully  heat£iL  It  forms  a 
yellow  soIutioQ  ID  hot  alkalis  and  is  not  re-precipitat«d  by  acids, 
nitromeconinic  acid  being  probably  formed, 

Amutomeconin,  Ci„Hj(NHjjO,,  is  prepared  by  warming  the 
preceding  compound  with  iron  filings  and  acetic  acid.  It  is 
precipitated  by  wator  as  a  yellowish  powder,  which  is  only 
slightly  soluble  in  benzene,  and  melts  at  171°. 

Methyl  normeamin.  C^H,(OCHs)COH)CjHjO„  is  formed  when 
meconin  is  heated  with  hyilrocliloric  or  hydriodic  acid  (Mat- 
thiesson  and  Foster),  and  when  meconin  or  narcotin  is  carefully 
fused  with  caustic  potash  (Beckett  and  Wright).  It  crystallizes 
from  hot  water  in  prisms,  which  melt  at  125°;  ferric  chlorido 
colours  the  aqueous  solution  a  beautiful  blue,  which  is  converted 
into  red  by  the  addition  of  ammonia.  On  further  fusion  with 
potash  it  is  converted  into  protocatechuic  acid, 

1^-Meconin.     When  hemipinimide,  which  will  be  further  de- 

Iaeribed  below,  is  boiled  with  tin  and  hydrochloric  acid,  hemi- 
fiidmuHne  is  formed : 


r/ 


-CO 


,CH, 


(CHjO),CAC    >0     +4H  =  {CIi,0),/  >0      +-Kfi. 


^\ 


C=NH 


C=NH 


This  substance  crystallizes  from  benzene  in  smaU  plates,  which 
melt  at  181°.  and  are  converted  into  nitrosoiiemipinimuiint., 
C,nH,oOjN(NO),  by  the  action  of  sodium  nitrite  on  their 
,  Bolution  in  liydrochloric  acid.  The  latter  compound  crystallizes 
rom  hot  alcohol  in  silky,  yellow  needles,  and  dissolves  in  caustic 
)da  solution  with  evolution  of  nitrogen.  Hydrochloric  acid 
iddcd  to  this  solution  precipitates  ■^-meconin,  which  crystallizes 
"rom  hot  water  in  colourless  needles,  melting  at  123° — 124°, 
tjts  bomerism  with  meconin  is  shown  by  the  following  fommla: 

co>o 
/■(1CH3 

bCH, 

Nilro-^im-ciMin,    C,(,Ho(NOs)0,,    crystallizes    in    splendid, 
Byellowish  needles,  which  melt  at  160°. 

Amido-^-meconin,  C,„Hg(N  Ha)0,.  resembles  amidomeconin, 
rat  is  readily  soluble  in  benzene,  and  melts  at  165°.' 
'  Snlomon,  Bcr.  Dciilsdi.  Chcm.  Oa.  xx.  8B3. 
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Mcconiosin,  CgHj^jOg,  also  occurs  in  opium,  and  crystallizes  in 
plates,  which  melt  at  88**  and  dissolve  in  27  parts  of  cold  water, 
and  in  almost  every  proportion  in  boiling  water.  On  heating 
with  sulphuric  acid  a  splendid  green  solution  is  formed.^ 


ALDEHYDODIHYDROXYBENZOIC  ACIDS, 

/COH 
CeH,(OH)  / 

\CO.OH 

2262  Norojyianic  acid,  20311^05  4-  SH^O,  was  obtained  by 
Wright,  together  with  methyl  iodide,  by  boiling  opianic  acid 
with  fom-  times  its  weight  of  50  per  cent,  hydriodic  acid.  It  is 
readily  soluble  in  water  and  crystallizes  in  fine  prisms,  which 
become  anhydrous  at  100"  and  melt  at  171".  Its  solution  is 
coloured  greenish  blue  by  ferric  chloride,  the  addition  of 
ammonia  or  carbonate  of  sodium  changing'  the  colour  to 
brownish  red.  It  reduces  ammoniacal  silver  solution  in  the  cold 
and  forms  a  yellow  or  brown  solution  in  alkalis.  The  lead  salt 
is  a  canary-yellow  precipitate.^ 

Methylnoropianic  acid,  CeH2(OCH3)OH(COH)C02H,  was 
prepared  by  Matthiessen  and  Foster  from  opianic  acid  by 
heating  it  with  hydrochloric  or  hydriodic  acid.  In  order  to 
prepare  it,  hydrochloric  acid  is  passed  into  a  warm  solution  of 
60  gi-ms.  of  opianic  acid  in  600  cb.  cms.  of  strong  hydrochloric 
acid  until  no  opianic  acid  separates  after  standing  for  about  two 
days.  The  solution  is  then  concentrated,  the  paste  of  crystals 
thus  obtained  dissolved  in  water,  the  solution  neutralized 
exactly  with  ammonia  and  treated  with  barium  chloride,  which 
produces  a  brown  precipitate.  The  addition  of  ammonia  to  the 
filtrate  precipitates  the  barium  salt  of  the  acid,  which  is  then 
washed  and  decomposed  with  sulphuric  acid.^ 

It  is  readily  soluble  in  water  and  crystallizes  in  nacreous 
plates,  long  prisms,  or  transparent  vitreous  columns,  which  contain 
different  amounts  of  water,  but  all  readily  effloresce  in  the  air. 
The  anhydrous  acid  melts  at  154° ;  its  aqueous  solution  is 
coloured  dark  blue  by  feme  chloride,  and  on  the  addition  of 
ammonia  light  red. 

^  T.  and  H.  Smith,  Phann.  Joum.  Trans.  [3]  viii.  981. 

^  Jojim.  CJictn.  Soc.  1877,  ii.  545. 

3  Prinz,  Joum.  Prakt,  Chem.  [2]  xxiv.  368. 
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Aa  a  pheool-add  it  fofms  two  geri«s  of  satlts. 
,  Silver methplnorojnanaU.C^jO^Ag.is A ge]a.tmousfi^pitat^, 
hich  becomes  ci7?talluiti  od  standing.  It  is  soluble  in  hot 
•ftter  and  separates  in  crrstaLs  when  the  Golution  is  cooled. 
'  Sarium  melkyltuyropianaU,  C^O,Ba  +  H,0,  is  also  thrown 
a  the  gelatinous  state  and  changes  into  granular  ciTstala 
1  standing. 

Ckloronuikylnaropianie  acid,  C^a(OCHJOHCCOH)CO,H. 
b  obtained  by  the  action  of  pot^sium  chlomte  and  hydrochloric 
Kid  on  methylDoropianic  acid,  and  crystallizes  from  hot  wat«r  in 

!,  lustrous  needles,  which  melt  at  206°  (Prinz). 
I  iiUnmeihylnoropianicacid.  C,H(:NO^(OCHj|)OH{COH)CO,H 
-  H,0,  is  formed  when  methylnoropianic  add  is  treated  with 
Hute  nitric  acid  (Matthie^en  and  Foster).  It  is  also  obtained 
J  heating  nitro-opianic  acid  for  some  time  with  hydrochloric 
^d.  It  crystallizes  in  radiating  needles,  which  lose  their  water 
fcl20°  and  melt  at  203V 

3363  DimelhylTwropianic  acid-  or  Opianie  acid,  CjH,(OCHj)^ 
COH)COjH,  was  prepared  by  Woblcr  and  Liebig  from  narcotin 
f  boiliug  it  with  dilute  sulphuric  acid  and  manganese  dioidde. 
plyth  found  that  it  is  also  formed  by  heating  with  platinum 
Uoride,*  and  Anderson  obtained  it  by  oxidizing  narcotin  with 
Hilute  nitric  acid.  In  order  to  prepare  it  according  to  the 
method  proposed  by  Matthiessen  and  Foster,  100  gnus,  of 
narcotin  are  heated  with  1,500  grms.  of  water  and  150  grma,  of 
sulphuric  acid  until  the  nuxture  boils;  J 50  grma.  of  finely 
powdered  pyrolusito,  corresponding  to  90  grms.  of  manganese 
dioxide,  are  then  added  somewhat  rapidly  and  the  hot  solution 
filtered. 

Opianie  acid  separates  out  on  cooling  and  is  purified  by 
recryatallization.  Wiihler,  in  order  to  obtain  it  perfectly  colour- 
leas,  dissolved  it  in  sodium  hypochlorite,  heated  to  boiling,  and 
then  added  an  excess  of  the  hypochlorite.  The  decolourizatioii 
may  also  be  efiected,  according  to  Prinz,  by  passing  the  gases 
evolved  from  nitric  acid  and  arsenic  trioxide  through  tlic  hot 
solution ;  and  it  may  also  be  obtained  perfectly  white  by  ninniDg 
potassium  permanganate  into  the  hot  solution  acidified  with 
sulphuric  acid  until  it  becomes  sherry-yellow.*  The  portion 
which  is  left  in  the  mother-liquor  from  its  preparation  can  bo 

1  Elbel,  Ber,  Dmtteh.  Chrm.  Ou.  xlx.  230S. 

'  A-Bn..  Chan.  Fhann.  1.  26. 

»  Priiiz,  Joum.  Fratl.  Chcm.  [2]  xxlr.  363. 
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ng  matter        ^H 


removed  by  ether,  which  does  not  dissolve  the  colourint; 
(W^scheitler), 

It  is  slightly  soluble  in  cold,  readily  in  hot  water,  alcohol  and 
ether,aiid  crystallizes  in  thin,  narrow  prisms  or  silky  needles,  which 
melt  at  150°  (Wegscheider)  and  decompose  on  further  heating, 
giving  oFF  a.  vapour  which  smells  like  vanilla  (Wohler).  It 
has  a  faint  acid  reaction  and  a  slightly  bitter  taste.  Sodium 
amalgam  and  water  reduce  it  to  meconin,  while  on  evaporation 
with  caustic  potash  it  is  converted  into  the  latter  and  hemipinic 
acid  (Matthiessen  and  Foster,  Beckett  and  Wright).  When  its 
sodium  salt  is  heated  with  soda  lime  methylvanillin  is  formed, 
and  iaovanillin  when  it  is  heated  with  dilute  sulphuric  acid  to 
160° — 170',  Concentrated  sulphuric  acid  converts  it  on  heating 
into  a  red  colouring  matter,  which  Anderson  mistook  for  alizarin, 
CuHgO^i  but  which  was  shown  by  Liebermann  and  Chojnacki  to 
be  the  closely  allied  substance  rufiopiu,^  C,4H30,i. 

The  salts  of  opianic  acid  have  been  investigated  by  Wohler 
and  Wegscheider.* 

Fotassium  opianate,  Cj^H^OgK,  is  readily  soluble  ia  water  and 
crystallizes  in  several  fonns,  which  differ  in  the  amount  of  water 
they  contain.  It  crystallizes  from  ordinary  alcohol  in  compact, 
white  prisms  cootaioing  two  and  ahalf  molecules,  or  transparent, 
rhombic  tablets  with  one  molecule  of  water  of  crystallization. 

Barium  opianate,  (CioH905)3Ba+2HjO,  forms  a  radiating  mass 
of  prisms,  which  are  readily  soluble  in  water  and  effloresce  when 
kept  in  a  warm  place. 

Lead  opianak,  (CioHoOJ^Pb  +  2U^0,  is  only  slightly  soluble, 
and  forms  very  lustrous,  transparent  crystals,  apparently  of  the 
same  form  as  sphenite. 

Silvfr  opianate,  2C,pH90jAg  +  HjO,  is  described  by  Wohler  as 
forming  short  prisms,  which  readily  become  coloured  yullow. 
Wegscheider  found  that  when  the  acid  is  rapidly  dissolved  in 
presence  of  silver  carbonate,  complete  saturation  does  not  take 
place,  and  that  reduction  ensues  on  boiling.  On  precipitating 
the  potassium  salt  with  silver  nitrate,  he  found  that  the  greater 
portion  of  the  silver  salt  was  removed  by  washing,  and  therefore 
prepared  it  by  mixing  concentrated  solutions  of  silver  fluoride 
and  potassium  opianate,  Tlie  tough,  amorphous,  yellowish  pre- 
cipitate changes  on  stirring  into  hemispherical  or  warty  masses 
consisthig  of  small  prisms,  which  can  be  completely  washed 
with  a  small  quantity  of  water. 

Jjin.  Chcm,  Pharm.  clxii.  321.  =  Matmtfh.  Chrm.  iii.  SIS. 


Mfthffl  opianak,  C^f^J^^((ZYi^.  was  prepared  by  Wegacheider 
from  the  silver  salt  by  the  action  of  methyl  iodide.  It  ia  also 
formed,  as  found  by  Liebemiann  and  Kleemann,  when  opiauir 
acid  is  boiled  with  methyl  alcohol.'  It  crystallizes  from  alcohol 
in  flat,  monoaymniotric  needles,  and  from  ether  in  thick,  vitreous 
tablets  or  short  prisms,  which  melt  at  102°  and  partially  sublime 
on  careful  heating.  It  rapidly  decomposes  into  methyl  alcohol 
and  opianic  acid  when  boiled  with  water,  the  latter  being  oh 
tained  pure  by  this  method  {Liebermann  and  Kleemann). 

Mlhyl  opianate,  C,[|Hg05(CjHj),  ia  readily  formed,  according  to 
Wahler,  by  saturating  a  hot,  alcoholic  solution  of  opianic  acid 
with  sulphur  dioxide,  while  it  could  not  be  prepared  by  means 
of  hydrochloric  acid.  Anderson,  however,  noticed  its  formation 
when  hydrochloric  acid  was  added  to  an  alcoholic  solution  of 
the  potassium  salt,  and  Prinz  prepared  it  by  the  action  of  the 
chloride  on  absolute  alcohol.  According  to  Liebermann  and 
Kleemann,  it  may  he  most  simply  obtained  by  boiling  the  acid 
with  absolute  alcohol. 

It  crystallizes  from  alcohol  in  needles  or  fine  prisms,  which 
melt  at  92°  and  sublime  when  carefully  heated. 

2364  Opianic  anhydride,  Q^^ifi^.  Wiihler  found  that 
opianic  acid  undergoes  a  remarkable  change  when  it  is  kept  in 
a  state  of  fusion  for  some  time,  becoming  insoluble  in  water, 
and  he  assumed  that  it  ia  thus  converted  into  an  isomeric  modi- 
fication, while  Matthiessen  and  Wright  concluded  that  it  loses 
water  and  forma  the  compound  CjgHjgOjo.'  Wegscheider,  on  the 
other  band,  considered  the  substance  to  be  formed  from  three 
molecules  of  opianic  acid,  and  named  it  trinpianide,  CjoH,gO,,.*; 
Liebermann  has,  however,  found  *  that  it  is  formeti  when  opianic 
acid  ia  heated  for  two  hours  at  160°  in  a  current  of  air,  aud 
explains  the  reaction  by  the  following  cijuation  : 

2(CH,0),CC0H)C«H^,C0.0H  = 

CCHgO)a(COH)C„Hj.CO. 

>0  +  H,0. 
(CH30)aCCOH)CaHs.CO/ 

Opianic  anhydride  is  also  obtained  when  opianic  acid  is  heated 
with  phosphorus  pentachloride,  and  crystallizes  from  hot  acetone 
in  needles,  which  melt  at  234°, 
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On  heating  with  caustic  potash  and  a  little  water,  it  decom- 
poses into  meconin  and  hemipinic  acid,  while  on  boiling  with 
caustic  potash  solution,  or  when  it  is  dissolved  in  sulphuric  acid 
and  the  solution  poured  into  water,  it  is  reconverted  into  opianic 
acid. 

Acetylopianic  acid.  When  aromatic  aldehydes  or  aldehydo- 
acids  are  heated  with  acetic  anhydride  and  anhydrous  sodium 
acetate,  the  aldehyde  group  CHO  is  converted  into  the  acrylic 
acid  residue  CHiziCH — COgH.  Opianic  acid  does  not  behave 
in  this  way,  but  forms  acetylopianic  acid,  which  crystallizes  from 
hot  water  in  needles  melting  at  120" — 121**.  It  is  insoluble  in 
cold  alkalis  and  is  only  decomposed  on  boiling,  acetic  and 
opianic  acids  being  formed ;  it  therefore  does  not  contain  a 
carboxyl  group,  and  its  constitution  must  be  expressed  by  the 
following  formula : 

/CO 

(CH30)AH,<    >0 

\CH.0.C0.CH3 

It  appears,  therefore,  that  opianic  acid  can  behave  not  only  as 
an  ortho-aldehydo-acid,  but  also  as  a  lactone.^  The  one  form 
can  pass  into  the  other  according  to  the  circumstances  of  the 
case : 

/CO.OH  /CO 

(CH30)2C,H  /  =  (CH30),CeH  /  >0     . 

\CHO  ^CH.OH 

Opianyl  sulphurous  acid,  C6H2(OCH3)2(CHO.S03H2)C02H,  is 
formed  when  opianic  acid  is  dissolved  in  a  hot  aqueous  solution 
of  sulphur  dioxide : 

/CHO 

(CH30)AH2<  +S0(0H)2  = 

^CO.OH 

(CUfi\C^K,/  O.SO,H. 


'6-'*2\ 


CO.OH 


On  evaporation  at  a  gentle  heat,  the  compound  is  left  as  a 
fine  crystalline  mass,  which  is  resolved  into  its  constituents  by 
water.  Its  solution  has  a  characteristic  bitter  taste,  and  leaves 
a  persistent,  sweet  after-taste. 

'  Licbeimann  and  Kleemann,  Ber.  DcxUscK  Chem.  Ge.^.  xix.  2287. 
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Marium  opianyimlphite,  {C^^y,O^SO^fia.-\-ZB.fi,  is  pre- 
i  by  dissolving  barium  carbonate  in  a  fresLly-made  solutiou 
r  the  acid,  and  crystallizes  in  lustrous,  rhombohedral  tablets. 

Zead  opianylsulphite,  (CioH,oOj.SOjH)„Fb  +  6H5O,  is  prepared 
:  a  similar  manner,  and  forms  very  lustrous,  four-aided  prisms 
'  six-sided  tablets  (Wobier). 

These  salts  correspond  to  thfi  ethidene  sulphites  (Part  II.  p.  73). 

3265  Thio-opianic  acid.  (CH30)sCoH,(CHS)COjH,  was  ob- 
ined  by  Wdbler  by  passing  sulphuretted  hydrogen  into  a  warm 
dution  of  opianic  acid ;  it  forma  a  yellow  powder  which  crystal- 
B  from  alcohol  in  fine,  transparent,  yellowish  prisms,  which 
iclt  below   100°  and  resemble    opianic   acid   in   forming   an 

ihydride. 

Ch[oropianic  acid,  (CHsO)jCHCl{COH)COiH,  is  formed  by 
le  f  ction  of  potassium  chlorate  on  a  hot  solution  of  opianic  acid 
,  hydrochloric  acid,  and  crystallizes  from  hot  water  in  small 
s  melting  at  210'— 211°  (Prinz). 

Brompianic  aeid,  (CH30)jC(,HBr(C0H)C0,H,  is  prepared  by 
Iding  bromine  to  a  boiling  solution  of  opianic  acid  (Prinz)  and 
J  triturating  opianic  anhydride  with  bromine  (Wegacheider). 
.  crystallizes  from  hot  water  in  small,  arborescent  needles  which 
elt  at  204'. 

Nitro-opianic  acid,  (CHsO)gCaH(NOj)CCOH)C05H,  is  formetl, 
gather  with  nitrohemipinic  acid,  by  the  action  of  concentrated 
itric  acid  on  opianic  acid.  It  is  only  slightly  soluble  in  water, 
id  crystallizes  in  lustrous  yellow  prisms,  melting  at  106°.  Its 
Its  are  readily  soluble  in  water  and  ciystallizo  well. 

OpianylphenyUtydrazidc,    CjnHnNjOj,  ia  obtained  by  mixing 

t  solutions  of  opianic  acid,  phenylhydrazine  hydi'ochioride,  and 
dium  acetate  (Part  III.  p.  283) : 

C,oHioOB-|-CaH,N.H3  =  CibHi.NjOj  +  2H,0. 

It  crystallizes  from  alcohol  in  almost  colourless  needles,  which 
tit  at  175°,  and  arc  insoluble  in  alkalis,  but  dissolve  in  con- 
itrated  hydrochloric  acid,  from  which  solution  they  are  pro- 
litated  by  water.  It  is  therefore  a  weak  base,  and  ia  very 
bble,  being  unattacked  by  concentrated  sulphuric  acid  even  at 
10°;  it  has  probably  the  following  constitution  : 

,C0— N.C.H, 
(CH30),CeHi\  I 
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Fheni/lhydrazine  nitro-opianic  acid,  CjgH^gNgOg,  is  formed  in 
a  similar  manner,  according  to  the  equation  : 

/CO.OH 
(CH3O)  AH  (NO^  /  +  NH^  ~NH.CeH, 

/CO.OH 
(CH30)2C,H(NO.;)<  +H,0. 

\CHzi:N— NHCeHg 

It  crystallizes  in  splendid,  carmine-red  needles,  which  melt  at 
184°,  and  form  a  red  solution  in  alkalis.  Acids  convert  it  into 
nitro-opianylphcnylhydrazide,  Ci^HigNgOg,  which  crystallizes  in 
yellow,  silky  needles,  melting  at  173°,  is  insoluble  in  alkalis* 
and  behaves  as  a  weak  but  stable  base.^ 

When  it  is  boiled  with  alcohohc  potash,  it  decomposes 
into  methyl  alcohol  and  nUromethylnoropianylvhenylhydrasidi^ 
CjsHjjNgO^,  which  has  also  been  prepared  from  methyloor- 
opiaiiic  acid.2  This  substance  crystallizes  in  glittering,  yellow 
plates,  melting  at  191^  and  since  it  is  a  phenol,  behaves  as  a 
weak  acid. 

Amido-opmnylphcnylhydrazide,  Ci^H^gNgOg,  is  obtained  by  the 
reduction  of  the  nitro-compound  with  tin  and  hydrochloric  add 
It  crystallizes  in  fine  needles,  and  oxidizes  in  the  air  to  amido- 
licmipinylphenylhydrazide. 

2266  Iso7wri)2)ia7iic  add,  CeHgCOBQgCCOH^COgHCCGjH: 
OH  :  OH  :  COH  1:3:4:5),  is  formed  when  the  foUowii^ 
compound  is  heated  to  170° — 180°  with  hydrochloric  acid.  I; 
is  tolerably  soluble  in  cold,  readily  in  hot  water,  and  crystallize 
in  yellowish  needles,  which  melt  with  decomposition  a  fe* 
degrees  above  240°.  Its  aqueous  solution  is  coloured  vellov 
by  alkalis  and  dark  green  by  feme  chloride,  this  colour  beinj 
instantly  changed  to  reddish  violet  by  the  addition  of  ammonii 
It  reduces  amraoniacal  silver  solution  in  the  cold,  and  Fehling's 
solution  on  boiling.^ 

Met1iylvioiioT(ypia7iic  acid  or  Aldchydovanillic  acid,  CJSJfid^^ 
(0H)CbH(C02H),  is  formed,  together  with  vanillin,  whee 
vanillic  acid  is  heated  with  caustic  soda  and  chloroform.  It 
is  readily  soluble  in  alcohol,  very  slightly  in  cold,  somewk: 
more  readily  in  boiling  water,  from  which  it  crystallizes  in  tio^ 
silky  needles,  which  melt  at  221° — 222°.     As  an  aldehydo-adi 

^  Liebcnnann,  Bcr.  DexUsch.  Chcm.  Gcs.  xix.  763, 

2  Elbel,  ibid.  xix.  2306. 

3  Mendelsohn  and  Tiemann,  ibid.  x.  393. 
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I  combiiies  with  iiciil  sodium  sulphite ;  caustic  Hoila  colours  the 
polution  an  intense  yellow,  while  ferric  chloride  produces  a  dirty 
iddish  violet  colouration. 

Its  constitution  follows  firom  the  fact  that,  in  the  synthesis  of 
Idehydes  or  aldehydo-acida  from  phenola  by  means  of  chloro- 
I,  the  aldehyde  group  always  takes  cither  the  ortlio-  or  para- 
aition  with  regard  to  the  hydroxyl.  Since  the  latter  ia 
lupied  in  vanillic  acid,  the  aldehyde  group  must  lie  next  the 
■ydroxyl,  and  the  two  groups  are  thus  found  in  aldehyde  vanillic 
nd  in  the  same  relation  aa  in  salicyl aldehyde — a  view  which  is 
nfii'ined  by  its  behaviour  towards  caustic  soda  and  ferric 
iJoride.' 

s  a  phenol  it  forms  two  series  of  salts.' 

[  Methyl  aldekydovanillate,  CoHj(OCH3)OH(COH)CO,.CH„  is 

repared  by  heating  the  acid  with  caustic  potash,  wood-spirit 

1  methyl  iodide,  and  forms   yellow  needles,  which  melt  at 

J5',  and  are  soluble  in  carbonates  of  the  alkalis. 

i  Isopianic  acid.,  CflH/0CH3)g(C0H)C0aH.     The  methyl  ether 

f  this  compound  is  ibrmed  together  with  the  foregoing  com- 

^und.     It  crystallizes  from  boiling  water  in  fine  needles,  which 

lelt  at  98° — 09°,  and  are  insoluble  in  the  alkaU  carbonates. 

Kt  is  readily  saponified  by  hot  caustic  potash  solution.     The  free 

rid,  which  is  precipitated  by  acids  from  this  product,  crystallizes 

mm  water  in  fine  needles,  melting  at  210° — 211°,  which  give  no 

lolouration  with  caustic  soda    or    ferric    chloride.     It  forms  a 

igbtly  soluble  compound  with  acid  sodium  sulphite." 

k  Quercimerie  acid,  CgH^Oj+HjO.     This  substance,  which  is 

y  similar  to  isonoropianic  acid,  was  obtained  by  Hlasiwetz 

Pfaundler  by  fusing  qiiercitin    with   caustic   potash.     It 

ms  crystalline  granules  or  small  prisms,  is  readily  soluble  in 

nter,  and  reduces  Fehling's  solution  and  salts  of  silver.     Ferric 

aloride  produces  a  blue  colouration  in  the  at^ueous  solution, 

pd  an  alkaline  solution  turns  red  in  the  air.     On  further  fusion 

irith  potash  protocatechuic  acid  is  formed.' 


*  JahTwbcr.  1884,  560.  I 
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DIHYDROXYPHTHALIC  ACIDS,  CeH2(OH)j(C02HV 

2267  Heviipinic  add  or  JHmethoxyorthophtJialic  acid,  C^Hj 
(OCH3)2(C02H)2,  is,  as  already  mentioned,  a  product  of  the 
oxidation  of  opianic  acid,  and  has  also  been  obtained  by  the 
oxidation  of  the  alkaloids  contained  in  opium,  oxynarcotin  and 
narcem.^  It  is  readily  soluble  in  alcohol,  very  slightly  in  cold, 
more  freely  in  boiling  water,  from  which  it  crystallizes  in  colour- 
less, distorted  prisms  with  acute  basal  planes,  containing  two 
molecules  of  water  which  are  lost  below  100^  The  anhydrous 
acid  melts  at  180°,  and  sublimes  in  lustrous  plates,  resembling 
those  of  benzoic  acid  (Wohler).  Crystals  containing  half 
molecule  of  water  are  obtained  by  the  spontaneous  evaporatioi 
of  its  solution,  while  those  deposited  from  a  supersaturated^Ei^d 
solution  contain  one  molecule  (Matthiessen  and  Foster).  ItS^ZMt 
has  a  faint  acid  and  slightly  astringent  taste,  is  decomposed  intccz^^do 
carbon  dioxide  and  dimethylcatechol  on  heating  with  soda-lime  ^■=^6, 
and  is  converted  into  rufiopin  by  hot  sulphuric  acid.  Dilut^^^cdW;e 
hydrochloric  acid  decomposes  it  at  160° — 170°  into  methy  ^^^^yl 
chloride,  carbon  dioxide,  isovanillic  acid  and  protocatechui^  -£"  jic 
acid  (Wegscheidcr).  Its  aqueous  solution  is  coloured  yellowisMT-^sh 
brown  by  ferric  chloride,  and  gives  a  white  precipitate  with  leac^^-^od 
acetate. 

Normal  potassmm  hemipi7iateyCjQH.fi qK^^  is  very  soluble  iMi_5m 
water  and  docs  not  easily  crystallize. 

Acid  j)otassium  hemipinatc,  Cj^HgOgK,  forms  thick,  six-side<^  -^d 
tablets,  which  are  readily  soluble  in  water  and  alcohol,  and  hav^  e 
an  acid  reaction. 

Normal  silver  hcmipinatCy  CioHgOgAgg,  is  a  white  precipitat^^=^; 
insoluble  in  water. 

Acid    a-mcthyl   hemipinate,  CgH2(OCH3).,(C02.CH3)C02H  -f — 
H20(OCH3 :  OCH3 :  CO2CH3  :  CO2H  =  4  :  s":  2  : 1),   is   preparecf 
by  oxidizing  methyl  opianate  with  potassium  permanganate,  and 
crystallizes   from  hot   water  in   lustrous,  narrow,  flat    needles, 
whicli  readily  effloresce  and  when  completely  dehydrated  melt 
at  121° — 122^     Its  solution  gives  a  yellowish  brown  precipitate 
with  ferric  cliloride. 

'  lieckctt  and  AVright,  Journ.  Chcm.  Soc,  1876,  L  461. 
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Acid  fi^melAyl  hemipinate,  C„H,(0CH3)g(C0jH)C0j.CH, 
(4  ;  3 ;  2 : 1),  is  formed  by  passing  hydrochloric  acid  into  a  solu- 
tion of  heniipinic  acid  in  methyl  alcohol.  It  is  readily  soluble 
in  water  auj  crystallizes  from  alcohol  in  arborescent  needles  or 
stellate  groups  of  prisma,  and  from  benzene  or  chloroform  in 
rhombic  tablets,  which  melt  at  137° — 138°.  Its  solution  is  not 
precipitated  by  ferric  chloride  (Wegscheider). 

Acid  ethyl  hemipiiuUe,  ^^^{^^^^^{GO^C^^QO^  4- 
3HjO,  was  prepared  by  Anderson  by  passsing  hydrochloric  acid 
into  the  alcoholic  eolution  of  the  acid.  It  is  also  formed 
by  heating  hemipinic  anhydride  with  90  per  cent,  alcohol 
(MatthiesBon  and  Wright)  and  crystallizes  from  hot  water  in 
fascicular  groups  of  needles,  melting  at  141° — 142°{Wcgscheider). 
Its  solution  is  precipitated  by  ferric  chloride,  so  that  it  cor- 
responds to  the  a-methyl  ether,  and  not,  as  might  have  been 
expected  from  its  formation,  to  the  (S-compound. 

Hemipinic  anitydride,  G-^^'Kfi^,  is  formed  when  the  acid  is 
heated  for  an  hour  to  180°  (Beckett  and  Wright),  by  the  action 
of  phosphorus  pentachloride  on  the  acid  (Prinz)  and  by  the 
distillation  of  the  methyl  ether  (Wegscheider).  It  crystallizes 
from  absolute  alcohol,  benzene,  and  xylene  in  lustrous  needles, 
■which  melt  at  167°  and  readily  sublime.  On  heating  with  zinc 
(lust  and  glacial  acetic  acid  it  is  reduced  to  ■i^meconin  (Salomon). 

2258  NU-rohemipinic  add,  CaH(N0^(0CH,)j,(C0,H)3  +  H^O, 
is  best  prepared  by  boiling  nitro-opianic  acid  with  pure  nitric 
acid.  It  is  also  formed  when  meconin  or  -^meconin  is  heated 
under  pressure  with  nitric  acid  (Salomon),  and  crystallizes  from 
hot  water  in  hard,  yellow,  vitreous  prisms  which  lose  water  on 
heating,  molt  at  155°,  and  arc  converted  into  the  anhydride  at 
160° — 1G5°;  the  latter  crystallizes  from  benzene  incompact,  light 
yellow  prisms,  and  melts  at  145°,' 

Amidokemipinic  acid,  CflH(NHJ(OGH3)s(COsH)2,  was  first 
prepared  from  its  anhydride  and  was  then  obtained  by  Griinc  by 
reducing  nitroheniiiuuic  acid  with  caustic  soda  and  ferrous 
Bulphate,  The  free  acid  is  only  known  in  its  aqueous  solution, 
which  is  coloured  yellow,  showing  a  fine  green  fluorescence,  has 
an  acid  reaction  and  decomposes  on  evaporation. 

Barium,  amidolumipinatc,  CioHgNOgBa,  is  obtained  by  boiling 

i  anhydride  with  baryta  water ;  it  is  a  golden  coloured  crys- 
klline  powder,  which  dissolves  in  dilute  acids,  but  is  insoluble 
1  water. 

'  GniLp,  Bcr.  DmtMh.  Chent.  Oil.  xis.  229B. 
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Anhydro-amidohemipinic  acid  was  prepared  by  Prinz  by  the 
action  of  an  acid  solution  of  stannous  chloride  on  a  boiling 
solution  of  nitro-opianic  acid  and  was  named  azo-opianic  acid} 
liebermann  then  pointed  out  that  this  substance  is  probably  the 
anhydride  or  anthranil  of  amidohemipinic  acid  :  ^ 

/CO.OH 
(CH30)AH^NH^0. 

The  accuracy  of  this  view  was  proved  by  Griine.  It  crystallizes 
from  alcohol  in  fine,  colourless  needles,  which  melt  at  200°  with 
decomposition.  When  its  solution  in  concentrated  hydrochloric 
acid  is  evaporated,  the  hydrochloride  separates  in  stellate  groups 
of  prisms,  which  lose  their  hydrochloric  acid  on  drying.  Its 
potassium  salt,  (CH30)2CH(CONH)C02K,  is  a  crystalline 
powder,  insoluble  in  alcohol.  When  it  is  boiled  with  acetic 
anhydride  and  anhydrous  sodium  acetate  the  acetyl-compound 
is  formed,  and  crystallizes  in  needles  which  form  an  aqueous  solu- 
tion possessing  a  blue  fluorescence.  It  readily  decomposes 
with  formation  of  free  acetic  acid,  and  has  the  following  con- 
stitution : 

/CO 
(CH30)AH(C02H)<   I 

^  N.C2H3O 

Amidoltcmipinylphenylhydrazide  is  formed  by  the  continued 
boiling  of  anhydro-amidohemipinic  acid  with  alcohol,  phenyl- 
hydrazine  hydrochloride,  and  sodium  acetate,  and  also  by  the 
oxidation  of  amido-opianylphenylhydrazide  in  the  air  : 

^,CO-NC,H, 


(CH80)2CeHr-CH=N         +  0  = 


NH^ 


CO-NCoH, 
(CH3O)  AH~C  =  N  +  H^O. 


It  crystallizes  from  benzene  or  alcohol  in  small,  vitreous,  honey- 
yellow  crystals  belonging  to  the  tetragonal  system,  which  melt 
at  222.°» 

^  Journ.  Prakt.  Ch-em.  [2]  xxiv.  362. 

*  Bcr.  Deutsch,  Chcm.  Gcs.  xix.  351. 

*  lAfiheimAxm.  .ibid,  xix.  2275. 


DiazoUmipinic  acid..  CCHgO)jCoHCCOjH)<^^Q>,  is  ob- 
tained by  the  addition  of  hydrochloric  acid  to  a  cooled  solu- 
tion of  sodium  amidohemipinate  and  sodium  nitrite.  It  forms  a 
light  yellow,  crystalline  powder,  which  explodes  by  percussion  or 
on  heating.  When  it  is  dissolved  in  warm  hydrochloric  acid,  the 
chloride,  (CH3O)jC,H(C03H)jN^Cl.  separates  on  cooling  in  long 
needles,  which  are  instantly  converted  by  water  into  their 
constituents  (Griine). 

Opianoxime  anhf/dride,  C,(|HgN0,,i3  fonned  when  an  alcoholic 
solution  of  opianic  acid  and  hydroxy  lam  ine  hydrochloride  is 
allowed  to  stand: 

,CO,OH 

C„H.(OC'Ha),C  -I-  H.,N.OH  = 

~  ^COH 

,C0— 0 
CflH/OCHj/  I  +  2H.0. 

It  crystalhzes  from  benzene  in  long  needles,  which  on  careful 
heating  melt  at  114° — 115°,  and  are  converted  into  acid 
ammonium  hemipinate  by  boiling  with  water.' 

Ifemipinimule,C^^iI^'NO^.  Thiscompound,  which  corresponds 
to  phthalimide,  is  formed  when  ammonium  hemipinate  is  heated 
and  when  an  alcoholic  solution  of  opianic  acid  is  boiled  with 
hydroxylamine  hydrochloride,  the  foregoing  compound  being 
first  formed  and  then  undergoing  an  intramolecular  change, 
■which  also  occurs  when  it  is  rapidly  heated  to  117°;  the 
temperature  rises  suddenly  to  260°,  and  the  liquid  solidifios  on 

I  cooling  to  crystals  of  hemipimmide ; 
f  It  crystallizes  from  hot  water  in  splendid  needles,  which  melt  at 
'  S28°— 230'  and  readily  sublime.  Its  aqueous  solution  has  a  fine 
thic  fluorescence.  When  it  is  triturated  with  a  cold  alcoholic 
Bolution  of  potash,  potassium  kemipinimide,  Cj^^gO^QiK),  is 
formed  as  a  crystalline  powder,  whose  aqueous  solution  gives  a 
"V^hite  precipitate  of  silveT  licmipiniviide,  C,oHgO^(NAg),  with 
^Iver  nitrate. 

-.  Deiiixh.  Chcra.  Oa.  XiX.  2923. 


,00-0  /CO 

C.ILCOCIL),<  I    =  CbH.(OCH„)„<'   >0     . 

Vh— N  \0— NH 
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Ethijl  Jicmipinimide,  GiQ}i^0J^C2^^t  is  obtained  when  the 
potassium  compound  is  heated  to  150**  with  ethyl  iodide.  It 
crystallizes  from  hot  water  or  benzene  in  needles,  which  melt  at 
96° — 08''.     The  solution  also  shows  a  blue  fluorescence.^ 

2269  Mcthybiorhemipinic  acid,  CgHj(OCH3)OH(C02H)j  + 
2H2O  (4:3:2:1),  is  formed  by  heating  hemipinic  acid  with 
hydrioJic  acid  for  a  short  time,*  and  by  heating  acid  a-methyl 
hemipinato  with  hydrochloric  acid.  It  forms  warty  crystals, 
which  are  readily  soluble  in  water  and  alcohol.  It  reduces 
ammoniacal  silver  solution  in  the  cold  and  Fchling's  solution  on 
heating,  gives  a  deep  blue  colouration  with  ferric  chloride,  and 
melts  at  152° — 15  5*"  with  decomposition.  It  separates  from 
ether  as.an  anhydrous  powder,  which  melts  at  223** — 225"*  with 
evolution  of  gas  (Wegscheider).  On  dry  distillation  it  decom- 
poses into  isovanillic  acid  and  carbon  dioxide,  and  is  converted 
into  protocatechuic  acid  by  fusion  with  potash. 

In  its  preparation  from  hemipinic  acid,  the  compound 
CgHgO^  -f  2H2O  is  formed  as  a  by-product.  It  crystallizes  in 
lustrous  prisms  or  thin  tablets,  which  melt  at  148°.  Its  aqueoos 
solution  is  coloured  lilac  by  ferric  chloride. 

This  substance,  which  Liechti  named  opinic  acid,  might  be 

methylnorhemipinic  anhydride,  but  this  is  considered  doubtful 

by  Beckett  and  Wright  since  it  contains  water  of  crystallization, 

and  they  assume  that  it  corresponds  to    salicylide  and  has  the 

following  constitution : 

/CO.H 
CeH(0CH3)^C0^ 

mtromcthi/lnorhemipini^:  acid,  C6H(N02)(OCH3)OH(C02H)y 
is  formed  when  methylnorhemipinic  acid  is  evaporated  with  dilute 
nitric  acid,  and  crystallizes  from  alcohol  in  almost  white,  silky 
needles,  which  are  readily  soluble  in  water,  and  melt  at  220V 

Amidcnncthylnorhcmipinic  acid,  CgH(NH2)(OCH3)OH(COJl),. 
is  not  known  in  the  free  state ;  its  barium  salt  separates  in 
lustrous,  dull  yellow  plates  when  the  anhydro-acid  is  boiled  with 
baryta  water. 

A  nhydro-avi  idomcthylnorhe m  ipinic  acidy 

(CH30)(OH)C,H(C02H)<^^>0,    is     prepared     by     adding 

^   Lit;]u'nn<inii,  Jirr,  Deutsch.  Chcm.  Gcs,  xix.  2287. 

-  Beckett  and  Wright,  loc.  cU.  ;  Lionhti,  Ann.  Ch:m.  Phann.  Siippl.  vii.  14?. 

3  KIIk'I,  nn\  DnU^ch.  Chcm.  ^,V.».  xix.  2306. 
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atannoua  chloride  and  hydrochloric  acid  to  a  boiling,  Baturated 
solution  of  nitromethylnoropianic  acid,  and  crystallizes  in  ailky 
needles,  which  melt  at  174° — 175°  with  decom position.  On 
boiling  with  acetic  anhydride  and  sodium  acetate,  the  diacetyl 
I  compountl  is  formed  : 


>aH(CO„H)(    I 
(^3.00.0^  \N.C0.CH3 

,  It  crystallizes  in  needles,  melting  at  205°,  and  yields  a  solution 

I  alcohol  which  has  a  blue  fluorescence.     Acetic  anhydride  is 
free   on   standing,  the  nionoacetyl   derivative,  C'„H(0CH3) 

0CaHsO)(COjH)(CONH),  being  formed.     This  tody  melta  at 
°  and  does  not  form  a  fluorescent  solution  in  alcohol. 

I  Ist^temipinic  add,  Q^^{OGUs\{CO^^,  is  formed  by  the  oxi- 

ntion    of   methyl   isopionate   with    potassium    pennanganate. 

^e  methyl  ether  is  thus  obtained,  which  crystallizes  in  needles 
Belting  at  167°,  and  yields  the  acid  on  saponification.  The 
■ktter  forms  white  needlea,  wliich  are  scarcely  soluble  in  cold. 

lOre  readily  in  hot  water,  and  melt  at  245° — 246°  (Mendelsohn 
F  and  Tiemann). 

8370  Dihydroxyiaophihalic  acid,  or  Besordnoldicarboxyiie  add. 
CoH,COH)i(CO,H)j.  When  reaorcinol  is  heated  with  caustic 
soda  and  chloroform,  dihydroteyisophiliaialdehyde,  C„Hj(OH)g 
(COH)j,  is  formed,  which  is  almost  insoluble  in  cold  water,  but 
dissolves  readily  in  alcohol  and  ether,  from  which  it  is  removed 
by  agitation  with  acid  sodium  sulphite  without  forming  a 
(lifficultly  soluble  compound.  It  crystallizes  from  hot  water  in 
long,  strongly  refractive  needles,  which  racH  at  127°  and  readily 
sublime.  It  forms  a  yellow  solution  in  alkalis.  On  fusion  with 
caustic  potash  resorcinoldicarbosylic  acid  is  formed ;  this  crys- 
tallizes from  water  in  fine,  white  needles,  which  decompose  on 
heating  into  resorcinol  and  carbon  dioxide.^  Its  constitution  baa 
not  been  accurately  determined,  but  the  position  of  the  sido- 
chains  is  probably  OH:OH:C0,H:COsH  =  1 :3  :4t6,  since 
in  this  arrangement  the  carboxyls  stand  in  both  the  ortho- 
and  the  para-relation  to  the  hydroxyls. 

Dihi/droxyler€phtka/icacid,(OB\:0}l:CO^n:CO,B.=  l-A:2:b). 
This  body,  which  is  also  known  as  quinoldicarhozn/lic  acid,  is  ob- 
taiiifd  hy  passing  air  into  an  alkaline  solution  of  succinosuccinic 
ctlier  (Part  II.  p.  Ifld ;  III.  p.  146)  and  decomposing  the  pro- 
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duct  with  auliihurio  aoiii.^  It  may  also  be  readily  prepared  by 
saponifying  thf  ether,  find  crystallizes  from  liot  water  in  browniab 
yellow,  hair-like  needles,  but  from  alcohol  in  deep  yellow  plates, 
while  it  separates  from  ether  in  rhombic  tablets  or  prisms,  which 
are  coloured  greenish  yellow  and  show  a  light  blue  fluorescence. 
A  hot  supersaturated  solution,  however,  6rst  deposits  asymmetric 
white  and  green  crystals,  the  latter  of  which  are  less  acutely 
pointed  than  the  former.  On  further  cooling  the  rhombic  prisms 
appear  and  replace  the  asymmetric  crystals  when  the  solution  is 
again  gently  warmed.  If.  however,  the  latter  are  isolated,  the 
white  plates  are  converted  on  cooling  into  the  green,  which  again 
become  white  on  warming,  so  that  by  alternate  heating  and  cooling 
the  same  crystal  can  he  obtained  in  either  modiiication  an  in- 
deliuite  number  of  times.  Since  the  shape  of  the  crystal  alters  .^ 
with  the  colour,  it  can  be  made  to  present  the  appearance  of  a  ^m 
concertina,  alternately  elongated  and  compressed  by  causing  the  ^spi 
changes  of  temperature  to  follow  one  another  rapidly.*  ^B 

The  aqueous  solution  of  the  acid  shows  a  faint  emerald  green  -^M^H 
fluorescence,  while  that  of  the  alcoholic  solution  is  light  blue ;  it  is  -^^ 
coloured  a  pure  deep  blue  by  ferric  chloride.  When  rapidly  beat«d  ,^B 
the  acid  decomposes  with  formation  of  quinol  and  other  prod ucts.*-^^ 

Normal    sodium    dihydToxytertphtkaiaU,    CsHjOj(COjNa)j  + 
2HjO,  crystallizes  on  the  spontaneous  evaporation  of  its  aqueous 
solution,  in  flat,  Ught  brown  pisms. 

Add  sodium  dihydroxyUrqihthalate,  C(HjOnCCOjNa)CO(H  + 
2HjO,  forms  light  yellow,  lustrous  prisms. 

Bam  sodium  dikt/droayterephthalaie,  CaHi,(ONa),(CO,Na),  -(- 
12HjO.  The  acid  dissolves  in  caustic  soda  forming  a  deep 
yellow  solution  witli  a  strong  green  fluorescence ;  on  the  addition 
of  very  concentrated  caustic  soda  the  basic  salt  separates  in 
large  transparent  crystals,  which  possess  a  large  number  of  faces 
and  appear  a  faint  greenish  yellow  by  transmitted,  but  light  blue 
by  reflected  light, 

2271  Didhy/  dlhydi-oxyUrephthalate,  C^fi^iCO^.C^^t.  is 
formed  by  the  addition  of  bromine  to  a  solution  of  snocinosuccinic 
ether  in  carbon  disulphide,*  and  by  the  action  of  sodium  on  an 
pthereal  solution  of  dibromaceto-acetic  ether,"  CHg.CO.CBryCOr 
CjHj.      The  latter   formation  corresponds  to   that  of  suocino- 

'  Hfrnnnnn,  Btr.  Deutifh.  CVm.  Oei.  x.  111. 

»  Lchuiuiii,  ZKitatk.  Krj/tl.  x.  3  [  Herrmann.  Ber.  Datlnch.  Chem.  Oa.  rix.  iiit. 
■  Hemnanii,  Ann.  Chan.  Phana.  ocxi.  335. 

*  Hcmnsnti,  ihid.  ccii.  97a  :  Bfr.  Dmtieh.  Oktm.  Get.  xri.  1*11  ;  Dnistwrgi 
iiW.  xvi.  133;EI>ert,  ^»?i.  C'JUm.  PAom.  MXKii.  ^5.     •  Wcilel.  < 
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succinic  ether  from  monobromaceto-aceiic  ether.  It  crystaUizes 
£t)m  ether  in  short,  thick  prisms  or  long  flat  needles,  and  from 
"benzene  in  rectangular,  rhombic  tablets,  which  have  the  colour 
of  uranium  glass  and  show  a  light  blue  fluorescence.  It  melts 
at  133** — 133'5°  and  sublimes  at  a  higher  temperature  in  lustrous, 
green,  flat  plates  possessing  a  beautiful  blue  fluorescence.  Its 
alcoholic  solution  is  coloured  bluish  green  by  traces  of  ferric 
chloride.  It  dissolves  in  alkalis  forming  a  deep  yellow  solution, 
with  which  a  concentrated  solution  of  an  alkali  produces  a  deep 
orange-red  precipitate. 

Diethyl  dtacetoxyterephthalate,  CgH2(OCO.CH3)2(C02.C2H5)2,  is 
prepared  by  heating  the  ethyl  ether  with  acetyl  chloride,  and 
crystallizes  from  alcohol  in  colourless,  lustrous  plates,  which  melt 
at  11 5**  (Wedel). 

Manethyl  dihydroxyterephihalate,  C0H2(OH)2(CO2.C2H5)CO2H. 
When  the  diethyl  ether  is  dissolved  in  dilute  caustic  potash 
and  the  unattacked  portion  removed  after  some  time  by  acetic 
acid,  barium  chloride  precipitates  the  barium  salt  of  the  acid 
ether  from  the  filtrate ;  this  salt  can  readily  be  recrystallized  from 
hot  water,  and  hydrochloric  acid  added  to  its  solution  precipitates 
the  mono-ethyl  ether  of  dihydroxyterephthalic  acid.  It  is  a 
strong  monobasic  acid,  crystallizes  from  hot  water  in  fine,  yellow 
needles,  and  is  deposited  on  the  evaporation  of  its  alcoholic  solu- 
tion in  light  yellow,  transparent,  vitreous  prisms,  which  melt  at 
184**.     Its  solution  is  coloured  bluish  violet  by  ferric  chloride. 

If  the  diethyl  ether  is  boiled  with  alcoholic  hydrochloric  acid 
and  zinc,  it  is  again  reduced  to  succinosuccinic  ether,  which  can 
therefore  be  regarded  as  the  ether  of  a  diliydroxydihydrotere- 
phthalic  acid.  The  latter  is  formed  in  the  first  stage  of  the 
reaction,  but  immediately  changes  into  the  isomeric  compound:^ 

C  C 


HC\>'COH  HijC\yCO 

c  c 

H/NcOs-CaHs  H/\C0a.CjH5 

The  latter  formula  is  rendered  probable  by  the  formation  of  the 
substance  from  bromaceto-acetic  ether,  CH3.CO.CHBr.CO2.C2H5, 
which  occurs  with  elimination  of  hydrobromic  acid ;  it  also  forms  a 

'  Bcr.  Deuheh.  Chcm.  Qes.  xix.  428. 
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di-imide,  is  converted  into  an  oximido-compound  by  hydroxyl- 
amine  (Baeyer),  and  yields  both  a  phenylhydrazide  and  a  di- 
phenylhydrazide.^  On  the  other  hand  it  yields  a  diacetyl-com- 
poundon  heatingwith  acetyl  chloride  (Wedel),  which  is  more  readily 
obtained  by  adding  sodium  ethylate  to  its  ethereal  solution,  a 
rose-coloured  precipitate  of  CgH^05{'Na2(C02.C2H5)2  being  formed, 
which  is  immediately  converted  by  acetyl  chloride  into  the  com- 
pound G^liiliOG^lifi^iGO^Cfi^^  (Baeyer).  The  latter  com- 
pounds must  be  looked  upon  as  derivatives  of  the  dihydroxy- 
dihydroterephthalic  acid  into  which  succinosuccinic  ether  or 
quinonetetrahydrodicarboxylic  acid  so  readily  changes. 

Dihydroxyterephthalic  acid  also  probably  exists  in  two 
forms,  as  quinoldicarboxylic  acidy  CqT3^{OH)^(00^)^,  and  as 
quinonediJiydrodicarboxylic  acid,  Gfi^^^(COfi)^  which  readily 
change  into  one  another.  The  latter  formula  is  required  by 
its  formation  from  dibromaceto-acetic  ether,  while  its  whole 
behaviour  corresponds  to  the  former.  It  may  be  assumed  that 
the  green  modification  is  the  quinone-acid,  while  the  colourless 
is  the  quinol  derivative  (Herrmann). 

A  similar  case  has  been  observed  by  Baeyer  with  regard  to 
phloroglucinol,  which  forms  a  trioxime  with  hydroxylamine,  the 
trihydroxybenzene  being  converted  into  triketohexhydrobenzene 
(Part  III.  p.  186.):  2 

Phloroglucinol.  Triketohexhydiobenzcne. 

OH  CO 

|,  HjC/^lCH, 

<^\f.H  0C\/C0 


Hcr   ^CH 


CH. 


HO— C\/C— OH 
CH 


Analogous  cases  have  long  been  known  to  chemists ;  among 
the  simplest  are  nitrous  acid  and  cyanic  acid,  which  are  exceed- 
ingly unstable  in  the  free  state,  but  yield  stable  modifications  of 

two  kinds: 

Methyl  nitrite.  Potassium  cvanatc. 

CH3— 0— N=0  K— 0— C=N 

Nitromethane.  Metlivl  isocvanate. 

(;h„-n<     >  CH3— N=c=o 

^  Knorr,  Bcr.  Deutsch,  Chtm,  Ges.  xvii.  2055. 
2  Ibid,  xviii.  3454  ;  xix.  159,  1800. 
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The  constitution  of  these  compounds  can  therefore  be  repre- 
sented with  equal  accuracy  by  different  structural,  or,  as  Laar  ^ 
names  them,  tautomeric  formulae.  The  atoms  are  in  coatinual 
motion  within  the  molecule,  and  one  form  is  converted  into  the 
other  when  the  light  and  most  rapidly  moving  atoms  of  hydrogen 
are  more  strongly  attracted  by  one  or  other  of  the  remaining 
atoms.  If,  however,  the  hydrogen  be  replaced  by  a  heavier 
atom  or  molecule,  the  latter  no  longer  escapes  from  the  sphere 
of  attraction,  and  the  mobile  form  is  converted  into  a  stable 
one. 


TRI  HYDROXYPHTH ALIO   ACIDS,  CeH(OH)3(C02H),. 

2272  Gallocarhoxylic  add,  CgHgOy  +  SHgO,  is  formed,  together 
with  pyrogallolcarboxylic  acid  (p.  378),  when  pyrogallol  or  gallic 
acid  is  heated  to  130*"  with  ammonium  carbonate.  It  requires 
3,000  parts  of  water  at  0°  for  solution,  and  crystallizes  from  hot 
water  in  very  fine  needles,  which  become  anhydrous  at  180° 
and  melt  above  270"*  with  evolution  of  carbon  dioxide.  Dilute 
ferric  chlorides  colour  its  solution  violet,  while  the  concentrated 
reagent  produces  a  greenish  brown  colouration.  When  heated 
in  the  air  with  water  and  an  excess  of  calcium  carbonate,  the 
latter  is  coloured  reddish  violet,  and  when  an  ammoniacal  solu- 
tion of  the  acid  is  mixed  with  a  solution  of  bicarbonate  of 
calcium,  a  deep  violet  coloured  precipitate  is  formed,  which  may 
therefore  be  obtained  with  spring  water  containing  calcium 
carbonate.^ 


TETRAHYDROXYPHTHALIC  ACIDS, 

Co(OH),(CO,H), 

2273  Tetrahydroxytcrepkthalic  acid.  When  an  ethereal  or 
alcoholic  solution  of  ethyl  dihydroxy  terephthalate  is  treated  with 
anhydrous  nitrogen  trioxide,  it  is  converted  into  ethyl  dihydr- 
oxyquinonetcrephthalatCy  Cg02(OH)2(C02.C2H5)2,  crystallizing  in 
yellow  prisms,  which  are  slightly  soluble  in  cold  water,  alcohol 
and  ether,  more  readily  in  chloroform.     The  solutions  have  a 

*  Bcr.  DexUsch,  Chem,  Oen.  xviii.  648  ;  xix.  730. 
~  Brunnor  and  SenhofeT,  Moiialnh.  Chem.  i.  468. 
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deep  yellowish  red  colour.  When  the  ether  is  heated  with  caustic 
soda,  a  basic  salt  of  dihydroxyquinoneterephthalic  acid  is  formed, 
and  immediately  decomposes  on  the  addition  of  acids  into  carbon 
dioxide  and  dihydroxyquinone,  Cg02H2(OH)2,  which  forms  small, 
black-brown  crystals.  Nitranilic  acid,  Cj,02(N02)2(OH)2,  is 
always  formed  if  dihydroxyterephthalic  acid  be  submitted  to  the 
same  treatment. 

Mhyl  tetrahydroxyterephthcUate,  Cfl(OH)4(C02.C2H5)2,  is  ob- 
tained by  passing  sulphur  dioxide  into  a  faintly  alkaline  solution 
of  the  dihydroxyquinone  ether,  and  crystallizes  from  hot  chloro- 
form in  golden  yellow  plates,  melting  at  l78^  It  is  converted 
by  cold  caustic  soda  solution  into  sodium  tetrahydroxytere- 
pJUhalate,  Cg(OH)^(C02Na)2,  which  crystallizes  in  yellow  prisms. 
On  decomposition  with  sulphuric  or  hydrochloric  acid,  tetra- 
hydroxyphthalic  acid  yields  carbon  dioxide  and  tetrahydroxy- 
benzene,  GJB.2{0'H.)^y  which  forms  yellow  needles,  melting  at 
148V 

*  Locwy,  Ber,  Deutseh.  Chcm.  Gcs,  xix.  2385. 
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ACETBROMAMIDE,  113 

Acetmetamidobenzoic  acid,  248 
Acetmetatoluide,  62 
a-Acetmetaxylide,  407 
^-Acetmetaxylide,  407 
v-Acetmetaxylide,  406 
Acetmethylparatoluide,  65 
Acetomctahydroxybeiizidenc  acetate, 

298 
Acetortho-amidobenzoic  acid,  239 
Acotorthotoluide,  59 
o-Acetorthoxylide,  406 
t?-Acetorthoxylide,  406 
Acetoxime  benzyl  ether,  98 
Acetparamidobenzoic  acid,  253 
Acetparatoluide,  66 
Acetparaxylide,  407 
Acetphthalimide,  464 
AcetylbenzeDylaiuidoxime  214 
Acet^liiaoiraiiUlic  acid,  854 
Acetylmetahydroxybenzaldchydc,  293 
Acelylopianic  acid,  506 
Ace^lorthamidobenzaldeliydc,  149 
Acetylparahydroxybenzaldehyde,  295 
Acetylparahydroxybenzidene    acetate, 

296 
AcetylparamidobeDzaldehydc,  150 
Acetylsalicylie  acid,  808 
Acetyl  (salic^laldehyde,  288 
Acetylsinapic'ncid,  877 
Acetylvamllic  acid,  353 
Acetylvanillin,  847 
Acid  ammonium  hipporate,  189 
Acid  ammonium  phtnalate,  456 
Acid  barium  liydroxamatc,  208 
Acid  barium  orthosulphobenzoate,  *2(iS 
Acid  bariumphthalate,  457 
Acid  calcium  benzarsenate,  277 
Acid  ethyl  hemipinate,  511 
Acid  ethyl  metasulphobenzoatc,  271 
Acid  ethyl  a-nitrophthalate,  474 
Acid  ethyl  I'-nitrophthalate,  474 
Acid  metatoluidine  oxalate,  61 
Acid  a-methyl  hemipinate,  510 
Acid  /3-methyl  liemipinate,  511 


Acid  methyl  sulphinidephthalate,  473 
Acid  paratoluidiue  oxalate,  64 
Acid  potassium  benzarsenate,  277 
Acid  potassium  benzhydroxamate,  208 
Acid  potassium  benzophosphinate,  276 
Acid  potassium  hemipinate,  510 
Acid    potassium    su]x)hinidephthalate, 

477 
Acid    potassium    sulphoparahydroxy- 

benzoate,  886 
Aeidc  quiniqtte,  882 
Acid  silver  sulphinidephthalate,  478 
Acid  sinapin  sulphate,  875 
Acid  sodium  benzhydroxamate,  208 
Acid  sodium  dihvdroxyterephthalate, 

516 
Addition  products  of  isophthalic  acid, 

481 
Addition  products  of   phthalic    acid, 

469 
Addition  products  of  terephthalic  acid, 

486 
Adjacent  Dinitroparatoluidine,  71 
Adjacent  metadibydroxybenzoic  acid, 

860 
Aes-cioxalic  acid,  863 
Aldehydes,  447 
Aldehydovanillic  acid,  508 
Aldehydohydroxy  benzoic    acids,    4!»1, 

502 
Alizaric  acid,  450 
AUyl  benzoate,  162 
Aloisol,  402 
Aroarine,  140 
Amarythrin,  428 
Amido-anisic  acid,  838 
Amido-azotoluenes,  77 
Amidobenzenyl-phenylene-amidinc,20G 
Amidobenzoic  acid  percyanido,  248 
Amidobenzylamines,  120 
Amido-derivatives  of  the  xylenes,  405 
Amidohcmipinic  acid,  511 
Amidohemipinylj)henyIphydrazide,  51 2 
Amido-isopnthahc  acid,  482 
Amidomeconin,  501 
Amidometa-azotoluene,  78 
Amidometatoluic  acids,  418 
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Amidomethylnorhemipinic  acid,  514 
Amido-opianylphenylhydrazide,  508 
Amidortno-azotoliiene,  77 
/8-Amido-orthocresol,  26,  51 
7-Amido-orthophenol,  26 
Amido-orthotoluic  acids,  415 
Amido-if^-meconin,  501 
a-Amidoparacreso],  20 
/S-Amidoparacresol,  30 
7-Amidoparacresol,  80 
Amidoparahydroxybenzoic  acid,  835 
a-amidoparatoluic  acid,  421 
Amidopnenylmetabenzoglycocyamine, 

253 
Amidophthalic  acids,  475 
a-Amiaophthalic  acid,  475 
V- Amidophthalic  acid,  475 
a-Amidosalicylic  acid,  817 
/S'Amidosalicylic  acid,  318 
Amido-substituted  benzylamines,  116 
Amidosulphobenzoic  acids,  275 
Amidoterephthalic  acid,  489 
Amidotoluenes,  54 
Amido-uramidobcnzoy],  242 
Amidoxylencs,  405 
Ammonium  benzidene  snlphate,  137 
Ammonium  benzoate,  160 
Ammonium  gallate,  868 
Ammonium  metahydroxybenzoate,  821 
Ammonium  parahydroxybenzoate,  328 
Ammonium  salicylate,  303 
Ammonium  terephthalatc,  484 
Amyg-dalacBfe,  131 
Amygdalin,  130 
Amyl  benzoate,  162 
Amyl  hippurate,  191 
Amyl  oreellinate,  433 
Amyl  salicylate,  306 
Anhy  d  rides  of  parahydroxy benzoic  acid, 

331 
Anhydro-amidohemipinic  acid,  512 
Anhydro  -  amidomethylnorhemipinic 

acid,  514 
Anhydrobenzodiamidobenzene,  205 
Anhydrous  benzoic  acetic  acid,  167 
Aniletic  acid,  316 
Anilido-ethoxytolu-quinone       anilido, 

49 
Anilidohydroxytoluquinone,  49 
Anilidohydroxytoluquinone  anilide,  49 
Aniline,  297 

Aniline  lourde  speciale,  56 
Aniline  oil,  55 
Aniline  orange,  31 
Anis-amide,  833 
Anis-anilide,  833 
Anisbenzanishydroxylamine,  342 
Anisbonzethylnydroxylaminc,  340 
Anisbcnzhydroxamic  acid,  340 
Anis-dibenzhydroxylamine,  341 
Anise  alcohol,  284 
Anisenyloxime  compounds,  339 
Anisethylbenzhydroxylamine,  341 
Anishydroxamic  acid,  339 


Anisic  acid,  329 

Anisic  acid,  substitution  products  of,^ 

836 
Anisic  anhydride,  832 
Anisonitril,  334 
Anisuric  acid,  333 
Anisyl  chloride,  332 
Anthranil,  240 

Anthranilcarboxylic  acid,  240 
Anthranilic  acid,  297 
Autimony  derivatives  of  toluene,  86 
Archil,  42 

Arsendiparatolyl  chloride,  85 
Arsendiparatolyl  trichloride,  85 
Arsenditolyl  oxide,  85 
Arsenic  Compounds  of  Bensyl,  125 
Arsenic  derivatives  of  toluene,  84 
Arsenobenzoic  acid,  277 
Arsenorthotolyl  chloride,  85 
Arsenorthotolyl  dioxide,  86 
Arsenorthotolyl  oxide,  85 
Arsenparatolyl  chloride,  84 
Arsent^lyl  oxide,  85 
Arsentribenzoic  acid,  278 
Arsentritolyl  dichloride,  85 
Asymmetric  diamido-azotoluene,  80 
Asymmetric    dibenzyl    thiocarbamide, 

124 
Asymmetric  dibenzyl  urea,  123 
Asymmetric  ethylbenzoyl  urea,  178 
Asymmetric        metadihydroxybenzoic 

acid,  359 
Asymmetric  diphenylbenzenylamidine, 

204 
Azo -ace to-acetic  benzoic  acid,  267 
Azobenzenesalicylic  acid,  819 
Azobenzoic  acids,  265 
Azo- derivatives  of  benzoic  acid  265 
Azo-derivatives  of  toluene,  75 
Azomalonic-benzoic  acid,  268 
Azonitromethanebenzoic  acid,  267 
Azo-orcin,  52 
Azophenyl  methyl,  181 
Azo-opianic  acid,  512 
Azotoluenes,  75 
o-Azotoluidine,  79 
/8-Azotoluidine,  79 
Azoxybenzoic  acids,  265 
o- Azoxy  toluidiiie,  78 
i8-Azoxytoluidinc,  79 


B. 


Badianic  acid,  329 
Barbatic  acid,  402,  435 
Barium  aniidohemipinate,  511 
Barium  benzoate,  161 
Barium  K*nzylsulplionate,  108 
Barium  chlorobcnzylsulphonate,  108 
Barium  diamidobenzoate,  259 
Barium  o-dinitrobenzoate,  234 
Barium  jS-dinitrobenzoate,  234 
Barium  7-dinitrobenzoate,  234 
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Barinm  8-dinitrobenzoate,  235 
Barium  c-dinitrobenzoate,  235 
Bariam  dinitrosalicylate,  317 
Barium  gallate,  369 
Barium  hippurate,  189 
Barium  homohydroxysalicylate,  438 
Barium  isophthalate,  479 
Barium  Iccanorate,  434 
Barium  meconinate,  500 
Barium  metabromobcnzoate,  224 
Barium  metahydroxybenzoat**,  321 
Barium  metanitrobenzoate,  231 
Barium  methylnoropianate,  603 
Barium  opianate,  504 
Barium  opianylsulphite,  507 
Barium  oruithurate,  103 
Barium  orsellinate,  432 
Barium  orthobromobenzoate,  223 
Barium  orthouitrobenzoate,  230 
Barium  parabromoboiizoate,  224 
Barium  parahydroxybenzoate,  328 
Barium  paranitrobenzoate,  232 
Barium  para-orsellinate,  436 
Barium  protocatechuate,  852 
Barium  pyrogallolearboxylate,  379 
Barium  quinate,  384 
Barium  salicylaldehydc,  287 
Barium  salicylate,  303 
Barium  terephthalate,  484 
Basic  barium  nitroparahydroxybcnzo- 

ate,  335 
Basic  copper  potassium  salicylate,  304 
Basic  copper  quinate,  384 
Basic  lead  pyro-gallolcarboxylate,  379 
Basic  sodium  dihydroxyterephthalate, 

516 
Benzaldehyde,  129 
Benzaldehyde-green,  135 
Benzaldehyde  oxyiodide,  137 
Benzaldoxime,  139 
Benzamic  acid,  246 
Benzamide,  172,  199 
Benzamide  hydrochloride,  174 
Benzanilide,  174 
Benzanilidimidocbloridc,  203 
Benzanisbenzhydroxylainine,  841 
Benzanishydroxamic  arid,  340 
Benzarseno  chloride,  277 
Benzarsene  iodide,  277 
Benzarsenic  acids,  277 
Benzarseuious  acid,  277 
Benzdianishydroxylamine,  342 
Benzene,  29/ 
Benzenyl  alcohol,  194 
Benzenyl  amidines,  195 
Benzenylamidophenate,  206 
Benzenylamidothiophenate,  206 
Benzenylamidoxime,  212 
Benzenylamidoximemctacarboxylic 

acid,  480 
Benzeny  lam  idoximeparacarboxy  1  ic 

acid,  485 
Benzenylazoximebenzenylcarboxylic 

acid,  468 


Benzeny lazoxime  carbiuol,  215 
Beuzenylazoxime  propenylcarboxylic 

acid,  215 
Benzenyl  compounds,  194 
Benzeny lethoximo  chloride,  213 
Benzenylethenylazoximc,  214 
Benzenyl  ethyl  ether,  196 
Benzenyloxime  compounds,  207 
Benzcnyloxiuiic  acid,  208 
Benzenyl  triacetate,  196 
Benzenyl  tribromide,  196 
Benzenyl  trichloride,  195 
Benzenyltrichlorophosphoryl  chloride, 

311 
Benzethylanishydroxylamino,  841 
Benzethylbenzhydroxylaminc,  209 
Bcnzhydroxamic  acid,  208 
Benzhydroxamide,  212 
Benzhydroxylamine,  207 
Iknzidene-acetamide,  143 
Benzidene-aniline,  140 
Benzidene-aniline  cyanhydrate,  141 
Benzidene  benzoate,  163 
Benzidene  benzobromohydrin,  170 
Iknzidene  benzochlorohydrin,  169 
Benzidene  compounds,  136 
Benzidene  diacetate,  137 
Benzidene  dibromide,  186 
Benzidene  dichloride,  136 
Benzidene  dichlorochromic  acid,  6 
Benzidene  diethyl  ether,  136 
Benzidene  di-iodide,  137 
Benzidenedimethylparadiamido- 

benzene,  142 
Benzidenediphenylhydrazine,  141 
Benzidenedi'Ureide,  143 
Benzidene-orthodianiidobenzene,  141 
Benzideneparadiamidobenzene,  142 
Benzidenephenylamine  hydrochloride, 

143 
Benzidenephenylhydrazine,  141 
Benzidenephenyldiamine,  142 
Benzidene  sulphide,  138 
Benzidenetetra-ureidc,  143 
Benzidenetri-ureido,  143 
Benzidene  urei'des,  143 
Benzidene  urethane,  143 
Benzidenoxime,  139 
Benzimido-acetic  ether,  201 
Benzimido-amide,  202 
Benzimido-ethers,  200 
Benzimido-ethyl  ether,  201 
Benzimido-isobutyl  ether,  201 
Benzimido-thiobenzyl  ether,  202 
Benzimido-thio-ethyl  ether,  201 
Benzoene,  3 

Benzo^ne  monochlor^,  7 
Benzoic  acid,  7,  108,  151,  297,  383 
Benzoic  acid,  azo-derivatives  of,  265 
Benzoic  acid,   nitro-substitution    pro- 

ducts  of,  227 
Benzoic  acid,  salts  and  ethers  of,  160 
Benzoic  anhydride,  166 
Benzoleic  acid,  159 
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Benzonitril.  122,  197 
Bpuzonitril  and  its  derivatives,  197 
Benzophosphine  chloride,  276 
Benzophosphinic  acid,  275 
Benzolorthoalcoholsame,  442 
Benzortho-amidobenzoic  acid,  239 
a-benzothio-aldehyde,  138 
/3-benzothio-aldehyde,  138 
7-benzothio-aldehyde,  139 
Benzo-trichloride,  195 
Benzoxamidine,  213 
Benzoyl,  285 
Benzoyl  acetyl  oxide,  167 
Benzoylaniline,  174 
Benzoylanthranil,  241 
Benzoylazobenzene,  180 
Benzoylbenzenylamidoximc,  214 
Benzoyl-benzoic  acid,  458 
Benzoylbenzoximic  acid,  209 
Benzoyl  bromide,  169 
Benzoyl  chloride,  168 
Benzoyl    derivatives    of    amines    and 

amido-bases,  174 
Benzoyl  dioxide,  167 
Benzoyldiphenylamine,  175 
Benzoyldiphenylhydrazine,  181 
Benzoyl  dwiilphide,  171 
Benzoyl  ethylbenzhydroxamate,  209 
Benzoyl  fluoride,  170 
Benzoyl-glycollic  acid,  165 
Benzoyl  group,  128 
Bcnzoylguanidine,  243 
Benzoylguanidine,  nitrate,  243 
Benzoyl,  halogen  compounds  of,  168 
Benzoylhelicin,  289 
Benzyl  hydrosulphide,  138 
Benzoyl  iodide,  170 
Benzoyl-lactic  acid,  165 
Benzoylmethylaniline,  175 
Bonzoylmethylpyrogallol         dimethyl 

ether,  164 
Benzoylnitran  (lines,  175 
Benzoyl,  nitrogen  compounds  of,  172 
Benzoylornithine,  193 
Benzoylorthotoluide,  175 
Benzoyl  oxide,  166 
Benzoyl,  oxides  of,  166 
Benzoylparatoluide,  175 
Benzoyl  peroxide,  167 
Benzoyl  phenylliydrazine,  179 
Bcnzoylpropylpyro  -  gallol      dimethyl 

ether,  164 
Benzoyl pyro-gallol  dimethyl  ether,  164 
Benzoylsalicin,  282 
Benzoyl  salicylaldehydc,  288 
Benzoylsalicylamide,  312 
Benzoylsalicylnitril,  313 
Benzoyl  sulphide,  171 
Benzoylsulphimide,  269 
Benzoyl,  sulphur  compounds  of,  170 
Benzoyl  thiocyanatc,  172 
Benzoyl  thio-urea,  179 
Benzoyl  urea,  178 
Benzoylvanillic  acid,  353 


Benzyl,  89 

Benzylacetamide,  121 

Benzyl  acetate,  97 

Benzyl  alcohol,  7,  89  ;  properties,  93  ; 

substitution  products  of,  98 
Benzylamidine,  202 
Benzylamine,  112  ;  properties,  113 
Benzylamine  hydrochloride,  113,  114 
Benzylamine  nitrite,  114 
Benzylamines,  110 

Benzylamines,  amido-subsHtuted,  116 
Benzylamines,  substitution  products  of, 

118 
Ben  zy  lam  m  onium       benzylcarbamate,' 

113,  114 
Benzylaniline,  117 
Benzyl,  arsenic  compounds  of,  125 
Benzyl  benzoate,  162 
Benzylbenzoyl  thio-urea,  179 
Benzyl  bromide,  97 
Benzyl  bromophenyl  ether,  95 
Benzyl  carbamate,  123 
Benzyl-carbimide,  122 
Benzyl  chloride,  7,  96 
Benzyl  chlorophenyl  ether,  95 
Benzyl  cyananmide,  121 
Benzylcyanuramide,  121 
Benzyl-Derivatives  of  the  Acid- Amides 

and  Allied  Bodies,  121 
Benzyldimethylselenine  tri-iodide,  110 
Benzyldimethylsulphine  iodide,  106 
Benzyl  dimethylsulphine  platinichlor- 

ide,  107 
Benzyl  dioxysulphide,  107 
Benzyl  diphenylamine,  117 
Benzyl  diselenide,  109 
Benzyl  disulphide,  107 
Benzyl,  ethereal  salts  of,  96 
Benzyl  ethers,  94 
Benzylethoxyl  chloride,  100 
Benzyl  ethyl  ether,  94 
Benzyl  ethyl  sulphide,  106 
Benzyl  group,  89 
Benzyl  nydrosulphide,  105 
Benzylhydroxyammonium  chloride,  98 
Benzyl  iodide,  97 
Benzyl-isocyanate,  122 
Benzyl  isocyan urate,  122 
Benzyl  iso thiocyanatc,  122 
Benzylmetaminc,  121 
Benzyl  methyl  ether,  94 
Benzyl  mercaptan,  105 
Benzyl  must^ird  oil,  122 
Benzyl  nitrate,  97 
Benzyl,  nitrogen  bases  of,  110 
Benzyl  orthocresyl  ether,  95 
Benzyl  oxalate,  98 
Benzyl  oxide,  94 
Benzyl  oxysulphide,  107 
Benzyl  paracresyl  ether,  95 
Benzylphenylamine,  117 
Benzyl   phenyldimethylammoniuin 

chloride,  117 
Benzyl  phenyl  ether,  95 
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Benzyl  phosphine,  124 
BenzylphosphoDium  iodide,  124 
Benzylquinol,  96 
Benzylsalicylic  acid,  306 
Benzyl  salicylaldehyde,  287 

Benzylselenic  acid,  109 

Benzyl  selenide,  109 

Benzyl,  selenium  compounds  of,  109 

Benzyl  selenocyanate,  123 

Benzyl,  silicon  compounds  of,  127 

Benzyl  sulphide,  106 

Benzylsulphonamide,  109 

Benzylsulphonic  acid,  108 

Benzylsulj»honic  chloride,  108 

Benzyl,  sulphur  compounds  of,  105 

Benz>'l  thiocarbamide,  124 

Benzyl  thiocyanate,  122 

Benzyl  thiobenzoate,  171 

Benzyl  urea,  123 

Benzyl  urcthano,  123 

Beta-orcinol,  402 

Boron  and  Silicon  derivatives  of  Tolu- 
ene, 87 

Boron  disalicylic  acid,  304 

Bromamidobenzoic  acids,  255 

Bromanisic  acid,  336 

Bromine  substitution  products,  41 

Bromine  substitution  products  of  tolu- 
ene, 10 

Bromobenzidenedichlorochromyl  chlo- 
ride, 11 

Bromobenzylbenzoato,  170 

Bromogallic  acid,  370 

Bromomalophthalic  acid,  470 

Bromomeconin,  500 

Bromomctacresol,  27 

o-Bromometatoluic  acid,  417 

/9-Bromometatoluic  acid,  417 

a-Bromometaxylene,  894 

«>Bromometaxylene,  394 

A-Bromometazylenol,  401 

Bromonitrobenzoic  acids,  236 

Bromonitrotoluenos,  19 

Bromoparacresol,  29 

Bromoparahydroxybenzaldehyde,  296 

a-Bromoparatoltuc  acid,  420 

iS-Bromoparatoluic  acid,  420 

Bromoparazylene,  395 

a-Bromophthalic  acid,  472 

v-Bromophthalic  acid,  472 

Bromopianic  acid,  507 

Bromoprotocatechuic  acid,  356 

a-Bromoresorcylic  acid,  359 

y-Bromoresorcylic  acid,  361 

Bromorthocresol,  25 

a-Bromorthotoluic  acid,  415 

iS-Bromorthotoluic  acid,  415 

tt-Bromorthoxylonc,  393 

Bromosalicyleddehyde,  292 

a-Bromosalicylic  acid,  314 

/S-Bromosalicylic  acid,  314 

Bromosulphobenzoic  acids,  274 

Bromoterephthalic  acid,  488 

Bromotoluidines,  68 


Butyl  Ix-nzoate,  162 
Butyl  hippurate,  191 


C. 


Caffeol,  281 
Calcium  benzarsenite,  278 
Calcium  benzoate,  160 
Calcium  dibenzarscnitc,  278 
Calcium  difluorbonzoate,  227 
Calcium  gallate,  369 
Calcium  hippurate,  189 
Calcium  isophthalatc,  479 
Calcium  metachlorobenzoato,  220 
Calcium  mctahydroxy benzoate,  321 
Calcium  metatoluate,  416 
Calcium  omithurate,  193 
Calcium  orthochlorobenzoato,  218 
Calcium  orthotoluate,  414 
Calcium  parachlorobenzoatc,  221 
Calcium  parahydroxybenzoate,  328 
Calcium  paratoluate,  419 
Calcium  phthalate,  457 
Calcium  piperonate,  356 
Calcium  pyrogallolcarboxylate,  370 
Calcium  quinate,  382,  384 
Calcium  salicylate,  303 
Calcium  terephthalatc,  484 
Cantharene,  391 
.  Carbanilamide,  246 
Carbanilidic  acid,  246 
Carbimidamidobcnzoic  acid,  250 
Carbimidamidobenzoyl,  242 
Carbohydrokinonic  acid,  350 
Carbonyl  chloricle,  462 
Carbonyl  dibenzenylamidoximc,  215 
Carbotriphenyltriamine,  204 
Carboxaraidocyanamidobenzoyl,  241 
Carboxamidobenzoic  acid,  251 
Carboxylcyanamidobenzoyl,  241 
Catechol,  36 
Chloranisic  acid,  336 
Chloramidobenzoic  acids,  254 
Chlorine  substitution  products,  41 
Chlorine    substitution     products      of 

toluene,  7 
Chlorobenzol.  136 
Chlorobcnzoyl  chloride,  310 
Chlorobenzenyl  trichloride,  310 
Chlorodracylic  acid,  221 
Chloro-isophthalic  acid,  481 
Chloromeconin,  500 
Chlorometatoluic  acid,  417 
Chlorometaxylenesulphamidc,  393 
Chloromethylnoropianic  acid,  503 
o-Chlorometaxylene,  393 
Chloromichmic  acid,  219 
Chloroniceinic  acid,  219 
Chloronitrotoluenes,  19 
Chloronitrobcnzoic  acids,  236 
Chloroparacresol,  29 
Chloroparahydroxybenzaldehydc,  296 
Chloroparahydroxybonzoic  acid,  334 
ChloroiMiratoluic  acid,  420 
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Chloroparatoluidiiie,  8 

Chlorophthalic  acid,  393 

o-Chlorophthalic  acid,  471 

v-Chlorophthalic  acid,  471 

Chloroparaxylene,  393 

Chloropianic  acid,  507 

Chlororthotoluic  acids,  415 

a-Chlorortlioxylene,  392 

r-Chlororthoxylene,  392 

Chlorosalicylaldehyde,  292 

Chlorosalicylic  acid,  313 

Chlorosulphobenzoic  acids,  274 

Chloroterophthalic  acid,  488 

Chlorotoluene,  7 

Chlorotoluic  acid,  393 

Chlorotoluidines,  68 

Choline.  376 

Cinnamem,  90 

Cinnamic  acid,  90,  135,  297 

Cinnamone,  135 

ColophoniD  hydrate,  7 

Colophonin,  6 

Coniieryl  alcohol,  345 

Copper  benzoate,  161 

Copper  hippurate,  190 

Copper  metahydroxybenzoaie,  321 

Copper  parahydroxybenzoate,  328 

Copper  phthalate,  457 

Copper  quinate,  384 

Copper  salicylaldehyde,  287 

Copper  salicylate,  304 

Conmaim,  186 

Creosol,  32 

Creosote,  32  et  seq, 

o-Cresol,  23 

/S-Cresol,  23 

7-Cresol  24 

Cresolcarboxylic  acid,  438 

Cresorcinol,  47,  437 

Cresorcinolcarboxylic  acid,  437 

Cresorsellinic  acid,  437 

Cresotic  acid,  423 

o-Cresotic  acid,  423 

fl-Cresotic  acid,  424 

7-Cresotic  acid,  424 

Cresyl  alcohol,  23 

Cresyl  benzoate,  164 

Cresyl  hydrate,  23 

Cudbear,  44 

Cumaric  acid,  297 

Cumic  acid,  451 

Cumino-cyminic  acid,  451 

Cumol,  386 

Cyanobenzylaraine,  121 

Cyanocarbimidobcnzoic  acid,  249 

CyauocArboxamidobenzoic  acid,  249 

Cynanphonin,  199 

Cymcne,  4 

Cymol,  386 

D 

DiACETORTHO-AMIDOnENZOIC  ACID,  239 

Diacetotoluqninol,  48 
Diamidobenzoic  acids,  258 


Diamidobenzoic  acids,  action  of  nitrons 

acid  on  the,  263 
a-Diamidobenzoic  acid,  258 
i9- Diamidobenzoic  acid,  259 
S-Diamidobenzoic  acid,  267 
7- Diamidobenzoic  acid,  259 
8  Diamidobenzoic  acid,  259 
S- Diamidobenzoic  acid  hydrochloride, 

259 
S-Diamidobenzoic  acid  sulphate,  259 
Diamidobenzylsulphonic  acid,  109 
Diamidocresol,  79 
Diamidohydro-acridine  ketone,  245 
a-Diamidometaxylene,  409 
v-Diamidometaxylene,  409 
s-Diamidometaxylene,  409 
a-Diamidoparaxylene,  410 
i9-Diamidoparaxylene,  410 
7-Diamidoparaxylene,  410 
Diamidosalicylic  acid,  818 
Diamidoterephthalic  acid,  489 
a-DiamidotoIuene,  72 
i8-Diamidotoluene,  72 
7-Diamidotoluene,  78 
8-Diamidotolaene,  74 
a-Diamidotoluene  di-hydrochloride,  V, 
)3-Diamidotoluene  hydrochloride,  73 
7-Diaraidotolnene  hydrochloride,  73 
a-Diamidotoluene  monohydrochloridf 

72 
a-Diamidotoluene  sulphate,  72 
iS-Diamidotoluene  sulphate,  73 
7-Diamidotoluene  sulphato,  73 
Diamidotoluenes,  72 
Diamidotriphenylmethane,  135 
Diamines     and     Triainines    of    the 

Xylenes,  409 
Dianilidotoluquinone,  49 
Dianilidotoluquinoue  anilide,  49 
Dianisbenzhydroxylamine,  342 
Dianishydroxamic  acid,  340 
Diazo-amidobenzene,  18 
Diazo-amidotolucne,  74 
Diazo-amidotoluic  acid,  421 
Diazobenzene-amidobenzoic  acid,  262 
Diazobenzoic  acid,  260 
Diazoljenzoic  acid  nitrate,  260 
Diazobenzoic  acid  seminitrate,  260 
Diazo-derivatives  of  benzoic  acid,  260 
Diazo-derivatives  of  toluene,  74 
Diazohemipinic  acid,  513 
Diazo-imidobenzoic  acids,  263 
Diazooenzene-amidotoluene,  74 
Diazo-salicy lie  acid,  319 
Diazotoluene  nitrate,  74 
Diazo toluene  sulphate,  74 
Diazoxybenzoic  acid,  267 
Dibenzamide,  176 
Dibenzamide  hydrate,  177 
Dibenzanilido,  177 
Dibenzanishhydroxylamine,  341 
Dil>enzarsene  iodide,  278 
Dihenzarsenic  acid,  278 
Dibenzarscnious  acid,  278 


r>i(lilQrcit<eiiiid«De  FUoridr,  115 
Iiidilorobnuwc  adils,  £21 
Dicliktrobciufi  iloA)]],  100 
Kchlnoboifl  cUoiide.  101 
DicUorukifjiltnc  add,  2S0 


beuzyUmiiie  lifilrochloride,  IIS 
beuzjluaiiie  nittste,  HS 
beniylarscDic  add,  120 
'  "  lylftniiie  triclUoiide,  135 

ijlcatechol,  M 
benijtcyBiiimide,  1S3 
bmtjl  ether,  91 
benzylgnaiiidine,  131 
'     If  loxunidf,  121 

lylfdMaphiee,  125 

^        ■    1.98 

:,  107 


. ,     niphone. 

i^lttdyumiiii  . 

lyltolmdine,  118 

jKUUm^adi,  33« 
moboiiaic  acida,  224 
_jino-Ritllicaci>l.  370 
ToiiioIieihyilrt>t«tetiht]uJic      acid, 


DieUoTcipanhTdnnybetu 
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Dichloropanzyiene,  S93 
DidiloraphtlMJie  add,  ITI 
Dichlwppiawwal,  348 
DicUaronboOTMl,  25 
DkhloToitliaTyleiie,  993 
IMdilarD-salkylu  add,  Slf 
DirbloroaOicon  orUuditoloidie,  87 
DicblorotoluMie  heidiloride,  10 
DichlaroloIneiKa,  9 
DidilorotoliiqcuDoDe,  S7,  50 
Dicnmyl  ketsne,  13S 
Dieyanaiuidobenioy],  211 
Dietfaytben^^dc ,  171 
DiethylbeDzylunine,  llfl 
tHcthyl  diaeelozyterepIitluUatc,  517 
Diet  bjldiamidolcreph  thai* te,  4S9 
DiethyldibcnzylumiUHuiim  iodide,  117 
Divtbyl  a-hydroxjisophthalale,  195 
Diethyl  i-hydraxyisaphtlulate,  495 
Diethyl  dihydrozjtenphOtalate,  510 
Dtelhylorthotolnidine,  59 
Diethy  Iparadihydraiy  benzaldeliy  de, 
349 


Diethyl -a- teeorcjlic  acid,  S6B 
Dietliyl-fl-rworcvUc  add,  S«0 
Diflnorbenzoic  acid,  227 
Dieallic  acid,  371 
Dihydro-oiihoiylene,  391 
Dihydrophthalic  acid,  469,  4S7 
Diliydrotolneoe,  6 
Dibydroiybenzoic  acids,  350 
Dibydmybeiuyl      and      Dibydroiy- 

Reozoyl  compouDdx,  313 
DihydroiyhexhydrotereplitluUic    acid, 

487 
DihydrDiyisopLthal aldehyde,  £15 
Dibydroxyisophthalic  aoid,  515 
Dibydroxyjihthalic  acids,  GIO 
Di  hydroxy quinoue,  B20 
Diliydronytertfphthalic  acid,  B15 
Di  hydroxy  toluenes  aod  allied  bodira, 

DibydroxyColaaldehydoa,  437 
Dihydroxytoluic  aoida,  ISS 
Dibydroiytolnqiiinone,  49 
Dihydroxy-iylenes,  102 
Di'iodoparacresol,  SS 
Di-iodDpanhydraiybenKoie  acid,  33G 
Di-iodoBalicylie  acid,  SIS 
Diinetatolyl  carlmmide,  flS 
Dilnetalolyl  tbiocarbamlde,  83 
Dimcthoxybenxonitril,  3S1 
Dimotboiyorlhophthalic  acid,  610 
Dimetbyl  acolo:sytoi'e|ihth1al<<,  490 
M  M 
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Dimethyl  amidophenylhydroxy  tri- 

chlore  thane,  151 
Dimethyl  benzamide,  174 
Dimethylbenzenes,  390 
Dimcthyldiamidotoluene,  62 
Dimothyldihydroxyphthalic  acid,  498 
Dimethyl  a-hydroxyisophthalate,  495 
Dimethyl  ^-hydroxyisophthalate,  495 
Dimcthylhydroxysalicylic  acid,  362 
Dimethyl  hydroxytcrephthalate,  496 
Dimethylmetaniidobenzoie  acid,  247 
Dimothylmetatoluidine,  61 
Dimethylmethylene  benzoate,  163 
Dime  thy  Inoropianic  acid,  503 
Dimethylorthotoluidine,  58 
Dimethylparadihydroxybcnzaldehyde, 

349 
Dimethyl  paramidobenzaldehyde,  1 50 
Dimethylparamidobenzoic  acid,  253 
Dimethylparatoluidinc,  65 
Dimethylparatolyl  phosphine,  84 
Dimethyl tolylphosphiiie  oxide,  84 
Dimethylphenylenebenzenylamide  am- 
monium iodide,  205 
Dimethylphosphine-oiudo  benzoic  acid, 

277 
Dimethylprotocatechuic  acid,  354 
Dimethyl  pro tocatechuicaldehyde,  346 
Dimethyl-/3-re8orcylaldehyde,  349 
Dimethyl-a-resorcylic  acid,  358 
Dimethyl-/3-rcsorcylic  acid,  360 
Dimethyl-7-re8orcylic  acid,  361 
Dinitro-amidobcnzoie  acids,  257 
Dinitro-anisic  acid,  337 
Diiiitro-aTithranilic  aoid,  257 
a-I)iiiitrobeiizoic  aci<l,  234 
iS-Dinitrobcnzoic  acid,  234 
7  Dinitrobeiizoie  acid,  234 
8-Dinitrobenzoic  acid,  235 
€-Dinitrobenzoic  arid,  235 
DinitrolK-nzoic  acids,  234 
IHnitrolx'iizysulphonic  acid,  109 
Dinitro-diplieuylamiiie-orthocarboxylic 

acid,  245 
Dinitro-7:-hydroxyphthalic  acicl,  493 
Diintrohydroxytcicidithalic  acid,  4'Jt} 
s-Dinitrometaxyl(*ne,  396 
r-])iuitioiiictaxyb'no,  396 
o-Dinitro-orciiiol,  41 
)3-Diiiitro-or<.'inol,  42 
Diiiitro-orthainidobonzoic  acid,  257 
Diiiitro-ortlioeiceol,  26 
o-Dinitro-orthotoluidiius  71 
Diuitro-orthoxylcne,  396 
Dinitroparaf'rt'sol,  30 
Diuitroparahydroxybonzoic  acid,  335 
Diiiitroparamidoboiizoic  acid,  258 
Diiiitroparaxylidiiu',  403 
o-I)initroparaxylene,  31^7 
i8-I)initropaiaxylonc,  397 
7-I)initroparaxylfn(',  397 
Dinitropbthalic  acid,  475 
Dinitrosalicylic  acid,  317 
7-Diiiitrotoluciic,  17 


Dinitrotoluene,    ordinary,     16 ;    sym- 
metric, 17 

Dinitrotoluenes,  16 

Dinitrotoluidine,  18 

i3-Dinitrotoluidino,  71 

7-Dinitrotohiidine,  71 

Dinitrotoluidines,  71 

7-Dinitrotolylphenylaminc,  18 

Diorsellinic  acid,  433 

Di-orthotolylamine,  59 

Di-orthotolylcarbamide,  59 

Di-orthotolyl  thiocarbamide,  60 

Diparahydroxybenzoylparahydroxy- 
benzoic  acid,  331 

Diparatolylamine,  66 

Diparatolylarsenic  acid,  85 

Diparatolyl  carbamide,  66 

Diparatolylhydrazine,  75 

Diparatolylnitrosamine,  66 

Diparatolyl  thiocarbamide,  67 

DiphenyllKjnzene,  452 

Diphenylbenzenylamidine,  204 

Diphenylorthoxylylenediamine,  440 

Diphenylparamidobenzenylanudiiie,204 

Diphenylphthalamic  acid,  466 

Diphcnylphthalein,  465 

Diphenylthiobenzamide,  178 

Diphthalyl,  458,  460 

Disalicylamidc,  312 

Disalicylic  acid,  308 

o-Di9ulphol)enzoic  acid,  274 

/8-Disulpbobenzoic  acid,  274 

Disulphobenzoic  acids,  274 

Disulphonictahydroxybenzoic  acid,  326 

Disiilphorthotoliiic  acid,  416 

Dithiobenzoic  acid,  172 

Ditliionictabydroxybeuzoic  acid,  325 

Dixvlyl amine,  412 

Dragonic  acid,  329 

Drupacea3,  131 


K. 


Ekythrelinic  acid,  429 

Krvthric  acid,  429 

Krvtbrinbittcr,  428 

Krytbrvliii,  428 

Krytbrin,  428,  431,  434 

/3-Ery thrill,  435 

Erytlirogluciu,  430 

EtluTcal  salts  of  licnzyl,  96 

Etheroal  salts  of  salicylic  acid,  306 

Etlieroal  salts  of  salicylic  ethers,  307 

Etbors  of  benzoic  acid,  160 

Ethers  of  benzyl  with  the  dihydroxy- 

bcnzencs,  95 
Ethers  of  ))hthalic  acid,  457 
Ethidenedibenzamide,  176 
Ethoxycarbiniidaniidobenzoic  acid,  250 
Ethoxycyanamidobenzoyl,  242 
Ethoxyniethoxybenzonitril,  361 
Ethoxynitrobenzonitril,  361 
Ethyl  amido-isopbthalate,  482 
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Ethyl  a-amidophthalate,  476 
Ethyl  v-amidophthalate,  475 
Ethyl  aDisbenznydroxamate,  340 
Ethyl  anishydroxnmate,  339 
Ethylanishydroxamic  acid,  339 
o-EthylbenzaDishydroxamate,  340 
jS-Ethylbenzanishydroxamate,  340 
Ethyl   benzenylamidoximecarboxylate, 

214 
Ethenylbenzcnylazoxime,  214 
a-Ethylbenzhydroxamic  acid,  211 
Ethyl  bcnzhydroxamate,  209 
Ethyl  benzoate,  161 
Ethyl  benzoyl-glycoUate,  165 
Ethyl  benzoyl-lactate,  165 
Ethylbenzoyl  tliio-urea,  179 
Ethyl-benzylainidine,  202 
Ethylbromosalicylaldehyde,  292 
Ethylene  benzoate,  162 
£thyl-/9-diamidotoluenc,  73 
a-£thyl  dibenzhydroxamate,  210 
/3-£thyl  dibenzhydroxamate,  210 
Ethyl  dibenzylamine,  117 
Ethyl  dibromoterephthalate,  488 
Ethyl  dlhydroxyquinoneterephthalate, 

519 
Ethylenebenzamide,  174 
Ethylencprotooatechuic  acid,  356  > 
Ethylene  salicylate,  306 
Ethylene  salicylic  acid,  306 
Ethyl  ether  of  benzenylamidoximc,  213 
Ethyl  ethylenesalicylate,  307 
Ethyl  ethvlsalicylate,  307 
Ethyl  gallate,  369 
Ethyl  nemipinimide,  514 
Ethyl  hippurate,  190 
3-Ethylhydroxamic  acid,  211 
Ethyl  hydroxysalicylate,  362 
Ethyl  isophthalate,  479 
Ethyl  metacyauobcnzoatc,  480 
Ethyl  mota-ethoxybenzoate,  322 
Ethyl  metahy^droxybenzoate,  321 
Ethyl  nietanitrobenzoate,  231 
Ethyl  metasulphamidobenzoatc,  272 
Ethyl  metasulphobenzoic  acid,  271 
Ethyl  metatoluato,  417 
Ethyl  methylsalicylate,  307 
Ethyl  nitro-isophthalate,  482 
Ethylnitrolic  acid,  468 
Ethyl  opianate,  505 
Ethyl  orsellinate,  433 
Ethyl  orthobenzoate,  194 
Ethyl  orthocyanobcnzoato,  468 
Ethyl  orthonitrobenzoate,  230 
Ethyl  orthotoluate,  414 
Ethylorthotoluidino,  59 
Ethyl  paracvanobenzoate,  485 
Ethylparadinydroxy})enzaldehyde,  349 
Ethyl  para-etlioxybenzoate,  330 
Ethyl  parahydroxybenzoate,  330 
Ethyl  paramcthoxybenzoate,  330 
Ethyl  paranitrobenzoate,  232 
Ethyl  paratoluate,  419 
Ethylparatoluidinc,  65 


Ethyl  phthalate,  457 

Ethyl  phthalimide,  464 

Ethylplithalylhydroxylaminc,  467 

Ethyl  piperonate,  356 

Ethyl  pyro-gallolcarboxylate,  379 

Ethyl  qiiinate,  386 

Ethyl  a-resorcylate,  358 

Ethyl  salieylaldehyde,  287 

Ethyl  salicylate,  306 

Ethyl  terephthalate,  484 

Ethyl  tetracetylquinate,  385 

Ethyl  tetmchlorophthalate,  472 

Ethyl  tetrahydroxyterephthalate,  520 

Ethyl  thiobenzoate,  171 

Ethyltolyl  carl)amate,  67 

Ethylvanillic  acid,  855 

Ethyl  veratrate,  355 

Ethysalicylic  acid,  306 

Evernic  acid,  435 

Eyerninic  acid,  435 


F. 


Ferric  benzoate,  161 

Fluorine    substitution    products    of 

toluene,  13 
Fonnortho-amidobenzoic  acid,  239 
Fluotoluene,  13 


G. 

Gallamide,  370 
Gallati>8,  the,  368 
Gallic  acid,  363,  381 
Gallocarboxylic  acid,  519 
Gallocyanin,  377 
Gentisic  acid,  362 
Gentisinaldehyde,  349 
Glucovanillic  acid,  352 
Glucovanillin,  347 
Glucovanillyl  alcohol,  347 
Guanidodibenzoic  acid,  250 


H. 


Halogen  compounds  of  benzoyl,  168 
Halogen  substitution  products,  118 
Halogen    substitution    products    of 

benzoic  acid,  216 
Halogen    substitution    products    of 

phthalic  acid,  471 
Halogen    substitution    products    of 

the  Toluidines,  67 
Halogen    substitution    products    of 

the  Xylenes,  392 
Helicin,  288 
Hclicoidin,  289 
Hemipinic  acid,  497,  510 
Hemipiuic  anhydride,  511 
Hemipinimidc,  513 
Hemipinimidiue,  501 
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Keptocarbure  quadrihydriqae,  3 
Hoxbraiuobentenc,  IS 
HexchlDioxrlone,  3i 
HaxhrdromeUxylene,  801 


Hexhyiiroterephlhslic  acid,  436 
Uexhjdrotolaene,  7 
Hennethyl-t-diamidobflDiDic  Add,  i 
Hextutrodipara(Dl;lainme,  66 
Hipparin,  175 
Hippunmide,  191 
Hippnramido-ftcetic  add,  191 
HippnraleB,  the,  189 
Hippar^lyooUamide,  IS 3 
Hippanc  aoid,   ISI,  383  ;  properties, 

leg 

Hoinocatechol,  31 
Homocatechol  dimethyl  ether,  82 
Homocatcclial  monamethyl  ether,  33 
Homo-erythrin,  486 
Honiohydroxjaiilicylic  aciJ,  483 
HomopylocstcchiD,  31 
HomeniiDOl,  4D2 
Homosalicyiic  ai^ids,  423 
Homosaligenin,  42! 
HjilTazenebcnzoic  ncida,  261 
Hrdrazine-derivatives  of  Toluene,  75 
Hydruo  ben  zoic  acida,  265 
a-KydraxotoluidiBe,  7i 
^-Hydiszotoluidine,  79 
Hydrobeniamide,  13B,  140 
HydTobeozsmidfl  trialdthyde,  419 
Hydrobeiu&midvtricarboxylic  neid,  449 
Hydrobenzoic  acid,  1S9 
Hydrabenzarie  acid.  192 
Hydroben/yluric  acid,  182 
Hydrophtorone,  408 
Hydrophthalide,  414 
Hydroaalicylamide,  291 
HydroiyboQialdehydes,  285 
Hydroxybeimdene-tunidobciizoic  acid, 

291 
Hydroiyhenaoie  adds,  297 
Hydroxy  benzyl  alcohols,  279 
Hydroiybenzyl  gronp,  279 
Hydroxybenzyluric  acid,  192 
o-Hydror^sophthalio  acid,  49* 
i-Hydroiyiiophth»lic  acid,  495 
ti-Hednuiyisophthalio  acid,  495 
Hydnnyimphthalic  acid,  303 
Hydroxylamiiu  deriTstivca  containing 

three  acid  radicals,  341 
Rydroxymetaxyloqninone,  404 
Hydroxymethylbenzoic  acids,  442 
Hyd  roiy  meth  jldihy  droxybenzoic 

acids.  497 
HydrrMcymethyldimethoiyhemoio 

acid,  SOO 
Hydroxy  methyl  hy  droxjbeninic 

490 
u-Hydroxyorthophthalio  acid,  4! 
HydroxyphlhiJaniie  acid,  iej 
a-Hydroxyphthiilic  add,  492 


Hydrosyphthalic  acids,  *92 
H-Hydroxyphthidii:  nnliydride,  493    ■ 
HydroxyqniDOlcarboiyliu  acid,  SSO^'fl 

381 
Hydroxysalicylic  acid,  3S1 
Hydroiytercphthalic  acid,  495 
Hydroxy tolualdeliydea,  422 
i-Hydro»ytoIuic  acid,  425 
Hydroxyloluio  acids.  423 
Hydroiytoluiintnoiioxinie,  G2 
Hydroxytrincsio  arid,  803,  494 
Hydroxy-TvU'iies,  398 
Hypogallic  acid,  49S 
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Ikise  of  motudiazoheiuoic  acid,  !M9 
Insoliaic  Doi<l,  451 
loilamtdobenxoip  acida,  256 
lodaniaic  aaiil,  837 
Iodine  snbsiitatioQ  prodtii^ts,  41 
Iodine    mbetitutioD    piodact*    of 

Tohtene,  13 
lodo-umphthalic  acid,  4S1 
lodomecoDiQ,  500 
lodometahydiniyhenioic  aHd,  3S3    ' 
lodoDttrobeDEaiG  adds,  S37 
lodoparacTsaol,  39 
lodoparahydroiylwuziildeliyde,  S99 1 
lodoparahydroxybenioio  aoid,  335 
lodoparatoluic  avid,  430 
lodosulicyliaaeid,  314 
lodotolnenedisul phonic  acid,  22 
lodotoiiudinea,  (SS 
Iron  gollate,  839 
laobutyl  hippurati*,  191 
laobiityl  terephthnlal«,  484 
IsodiazoxTbenzoio  acid,  267 
laobemipmic  acid,  S16 
Isonitroaobenzj]  ethsT,  93 
IsoDDCDpianic  acid,  SOS 
Isophtlialalcohal,  440 
IsophthBlaldehyde,  447 
Isophthalio  acid,  451,  479 
Isophthalic  acid,  addition  prDdncls  a 

481  P 

laophthalic  ooid,  anbstitntion  nrodttj 

of.  4S1 
Isophthalamide,  480 
iHophtlialonitTil.  481 
Isophthalyl  chloride,  460 
laopianic  add,  G09 
Isopropyl  benioaW,  162 
laopropykalicylip  B«id,  806 
laopropyl  terepbthalate,  4S4 
Isordnol,  47 
Isosnlphometahydrox  Thoiuoio 

326 
laotrichloroglyceiie  acid,  3S8 
Isovanillic  acid,  853 
laoyanillin,  34  S 
iBoxylol.  387 
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JuGLOKic  acid,  493 


KiNOiN,  374 
Kino-red,  374 
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L. 


Lead  benzoatCi  161 

Lead  benzyl  mercaptidc,  106 

Lead  benz^lsulphonatts  108 

Lead  dithiobeiizoate,  172 

Lead  gallate,  360 

Lead  hi^)parate,  190 

Lead  opianate,  504 

Lead  opianylsulpbile,  507 

Lead  parahydroxybenzoate,  328 

Lead  phthalate,  457 

Lead  proto-catecbuate,  352 

Lead  quinate,  384 

Lead  salicylaldehyde,  287 

Lead  salicylate,  304 

JjacATkoric  acid,  429,  432,  433 

Lecanoriu,  429 

Litliium  Falicylate,  303 

Litniiis,  45 

Lutcolin,  357 
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Maclurin,  356 
Magnesium  hippurate,  189 
Maluchiie-green,  135 
Mandelic  acid,  131 
Meconin,  497,  500 
1^-Meconin,  501 
Mecoiiinic  acid,  500 
Meconiosin,  502 
Menyanthin,  423 
Menyanthol,  423 
Mercuric  bcnzamidc,  174 
Mercuric  bcnzoatc,  161 
Mercury  benzyl  inercaptide,  105 
Mercury  derivatives  of  Toluene,  87 
Mercury  ortbotolyl,  88 
Mercury  paratolyl,  88 
Meta-acetobenzyl  acetate,  283 
Meta-acetoxybeuzoic  acid,  322 
Meta-azotolucnc,  76 
Meta-benzainoxalic  acid,  248,  249 
Metabenzenyltrichloropiioflphoryl 

chloride,  322 
Mctabcnzol)etainc,  248 
a-Metabenzo-crcatine,  252 
iS'Metabenzo-creatine,  252 
Metabenzoglycocyamine,  251 
Metabenzosarcosinc,  247 
Metal)romobenzaldehyde,  145 
Metabromobenzoic  acid,  223 
Motabromobenzyl  bromide,  102 


Metabromotoluene,  11 
Metacarbamidobenzoic  acid,  251 
Metacarbonylpheny  Iphobphoryl 

chloride,  322 
Metacarboxyorthophesphoric  acid,  322 
Metachlorobenzalaehyde,  144 
Mctachlorobcnzoic  acid,  219 
Metachlorobenzonitril,  220 
Metachlorobenzoyl  chloride,  220,  383 
Metachlorohippuric  acid,  220 
Metachlorotoluene,  8 
Metacresol,  24,  27 
Metacresyl  bcnzoate,  164 
Metacresyl  oxide,  27 
Metacyanobenzoic  acid,  480 
Metadiamidobenzylamine,  120 
Metadiazo-amidobenzoic  acid,  262 
Metadiazobenzamide  nitrate,  261 
Mctadiazol)euzoic  acid,  261 
Metadinzobenzoic  acid  imidtt,  264 
Mctadiazobcnzoic  acid  nitrate,  261 
Metadia2obenzoic  acid  perbromide, 

261 
Metadiazobenzoic  acid  platinichloride, 

261 
Mctadiazol>cnzoic  acid  sulphate,  261 
Metadiazobeuzonitril  nitrate,  262 
Metadih^droxybenzaldehyde,  348 
Metadinitrobcnzylamine,  119 
Metadithiobenzoic  acid,  272 
Metaditolylaniinc,  62 
Meta-ethoxybenzoic  acid,  322 
Metafluorbenzoic  acid,  226 
Metafluorhippuric  acid,  226 
Metaguanidobenzoic  acid,  251 
Mctahomometahydroxybenzoic  acid, 

425 
Metrthomomethoxycalicylaldohyde, 

acid,  428 
Mctahomopariihydroxyl)cnzaldehyde, 

422 
Metahomoparahydroxy benzoic  acid, 

426 
Metahomosalicylaldohyde,  422 
a-Metaliomosalicy1ic  acid,  424 
iSMetahomosalicylic  acid,  424 
Metahydrazincbenzoic  acid,  264 
Metahydnizobenzoic  acid,  266 
Metahydrnzotoliiene,  76 
Metahydroxybenzaldehyde,  293 
^letfthydroxylK-nzamide,  323 
Metahydroxybciizanilidc,  323 
Metuhydroxybcnzcnylauiidoxime, 

216 
Miitahydroxybenzoatcs,  320 
MetahydroxylKJUzoic  acid,  substitution 

products  of,  323 
Metaliydroxybeuzonitril,  323 
Mctahydroxybcnzoic  acid,  320 
Metahydroxybenzoylsuli>huric  acid, 

326 
Metahydroxybenzuric  acid,  323 
Metahydroxybenzyl  acetate,  283 
Motahydroxybenzyl  alcohol,  283 


Mctahydroxjfbpnu'l  d  [acetate,  !SS 
JlBtabyiitoiyorttiotoIaie  acid,  4!S 
SletahydroKyp»rfttoluie  stid,  ISB 
Aleta-iodobcnioie  acirl,  225 
Meta-iodotolnene,  13 
iUetamethoxybellzoic  BciJ,  S21 
llHtametlioxyaaticylaldehyde,  349 
^Matftinelboiysalwj'UIiluhydB,  US 
Uetunidobeuzaldaimie,  ISO 
MetamidobeiiKaldehjde,  l&O 
SletamidobenratDido,  217 
HeCamiilobenntnylumidoximB,  210 
MeUmidobeuzoie  uoid,  216,  218,  2S2 
Metamidobenniic  icid  hydrochloride, 

217 
iMotiimidobenzonitril,  217 
!Mi'tBmidobeDzylpheiiyU[rin<;,  120 
]kIetHtuidaparamEthyltoluiilinp,  73 
Itletamidoparaxotoluene,  73 
MeUnitroticn^ildBlij'de,  147 
MelauitrobeDMldouiue,  117 
lletamtrobeiiEeiDide,  231 
UBtaiiittobaiizenylBniidoxi 

LB  bromide,  1*7 
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Metanitrobenzidene  chloride,  147 
Hetimitrobenzoic,  230 
JdetatiitTobenzoic  ikcid,  223 
Uotanitroiieiizoiiitrii,  232 
iMctanitrobenzoyl  chloride,  231 
llBtanitrobenzyt  aloohul,  104 
VotsnilrobenxyUiniiie,  119 
JletonitrolwiiKylfttiiines,  US 
Jletanitrolienzyl  cliloridi!,  101 
Jlotanitrobeiizyl  phenyl  amine,  119 
Jlttanitroiiipiiuric  acid,  232 
iitthylmutahydroiybenialUo- 
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I'thyltt 
llutjmi  troporame  tnyllolnidini 
iHIetaiiitroparatoluiiiino,  70 
UetAnitrotoluene,  IS 
Jileteiihlorone,  iiti 
Uetaijhthalio  acid  47B 
AlutoMilphamidobuiizoic  uuid,  272 
Mutiuin1]iIminido-orthotnluiu  acid,  llO 
Kletusuliihobeiizaiuidv,  271 
Mi'IaHiilphobeiiXDateB,  270 
II.-ta.iJpholwMoio  aeid,  289 
WufaaulphobenKoyl  chloride,  271 
llfltatUioCTOBol,  31 

MfitathiohydTobeiwoic  ncid,  272 
JleUlolnildehyde.  413 


lltetatoljl  thiocRTbamide,  63 
Metatriamidobenzyhtutine,  120 
MetHtrinitrabeitzylamine,  110 
Mula-uraniidabcnzDic  acid,  250 
MBta-orethanobeuMic  acid,  251 
Uetaxyleite,  368,  3S9,  391 
a-Mctaxylcncsnlphainide,  309 
a-Metaxytenesoiphonir  aci<l,  SUS 
v-Uetuxylenesalphouiuncid,  399 
a-Mebkxyleimsalphoiiio  ohltuidfi,  89B 
a-Metaxylcnnl,  100 
i-Metaxylcnol,  401 
H-Mctaiylenol,  101 
B-Metaxylenj']  acetate,  101 
MetajylidenehydnKilie,  118 
MetniTlidene  tttrnchloridii,  4l7 
AletHxj'lylsne  alcohol,  440 
Uctfliylylene  bromide,  441 
MetnxyJylene  chloride,  411 
HetaxylyUnc  ethyl  elhcr,  410 
a-Metaivlenv)  methvl  ether,  400 
a-Metaiylidme,  m 
i-Mclaiyl[dine,  407 
u-Metaiylidioe,  408 
Hetmobenzoic  aeid,  2SS 
Mutazoxybenzoii;  acid,  266 
MethonylunidDrtho<!rGSol,  26 
Mebucyloquinol,  403 
MetiLxyloqaiuone,  401 
UetAxylorciool,  402 
Hetu}'Iyl  u»t4ito,  413 
Mefaxyly]  ulcohal,  411 
Me-'taxylyl  bromide,  412 
Mi^taiylyl  cliloride,  412 
Melaxylyl  ethyl  ether,  411 
B-Methoxyisophthalic  acid,  tH 
iz-tlethoxyisoiihthBUc  acid,  495 
MethoxjTiitiolienzoQitril,  381 
Methoxy  ten  phi  hulic  acid,  496 
Methyl  aldehydoviuiillalji,  509 
Methyl  amido-ariiHate,  338 
Mothylnmido-aniBic  acid,  333 
Ml'tllVl  HIILidD-iscphthnlate,  4*<2 
McHiVl  nmido-terephtholati',  iS9 
Methvlbmrnie,  3 
MiiliVi  l.iii/oatc,  Ifll 
Ml  till  llj,m?.ovlpheiiylhydraj;itie,  180 
M..ilivll">iizy1,  3S7 
Melliyl  banzylBalicylnte,  307 
MelhylbromoBalioylnldehydo,  292 
Methyl  brouLolorcphthHlate,  4S3 
Methyl  cbloroterephthakte,  438 


Wi'tiitoluidiue  ni..  .  .,  ._ 
MotntnluiUiiiti  auliiliati-,  61 
Siittutoluiiitrili  117 
Mi'luldliJ  BllIori<fo,417 
Mi-Utiihiyhtiiittiumfue,  73 
Mvbitnlyl  enrlKiiiiidL',  (13 
«.'tiiti)lyl  niusturd  oil,  03 
Mi'tatolylstiliiie,  S3 


Ueth;lhjiIrozTsalic>'Iic  aciil,  3S2 
U.-lhylhyiiociaiiu  aciJ,  i98 
Methyl  iodide.  3d 
Jilettiyl  iaocyuiAte,  fil8 
Uctltylisoaaropiiuiic  acid,  50S 
Uethylisophtlialutn,  470 
Methyl  UoprojiylsBUeylatc,  S07 
Met  hyl  jnetBhomojdwnhy  J  roxy  lien)u>ii: 

iwiJ,  427 
a-MetbytineUhoinosalicylic  lu^id,  424 
liolhjliiivtabydroxybeiiiKUchyiie,  SU3 
Uethjlmetsniidobenzuic  acid,  £17 
MethylmetatolaidiiU!,  CI 
Methyl  nitrile,  S78 
Methyl -nitro-iK^thaliite,  4S2 
Methylnitranlicylnldehyile,  2EI3 
Uvthyl  nitrot«K|)htlialate,  4S9 
Urthylnorhoniipmic  acid,  614 
Methyloomecaiiiu,  4»8,  601 
Matliylnaropionic  acid,  4Si,  G02 
Uethyl  opianat«,  SOS 
Methyl  oraelliuitc,  432 
B-  Mcthy  lorthodihy  droiy  beozaldehy  dp, 

148 
n-HethylarlholHlLzoglycocyaniiduic, 

243 
B-  M  ethylortholjoiiKini  etuhy  d  toiiy  bcii  - 

eoic  uciil,  426 
M  Btby  lortbohom  opaiali  y  droxy  bcuzo  ic 

acid.  427 
MethylarthohomotuUicylic  acid,  424 
Methylorthololuidine.  6S 
McthylorUiatolyliiitronmiDe,  GS 
U«  thy  1  parai)  ihydivxy  benzild  rhy  i!e,  84  9 
Itethjlparahamoialicylic  acid.  424 
MethylparahydrtMybenzaldBhjde,  2*5 
Uothylimruhydrnjiybenmate,  2B8,  328 
Melliyiparaliydrojtyboaaiyl      chlorido, 

332 
Mcthy!  piimii>(!tk.c3yhetiz(iiitc,  330 
Ucthyl  pantolaaU',  41i> 
M  ethyl  imrntnluiillnp,  (14 
Melhylphthalalc,  457 
Mcthylphthalinjiiliiie,  41C 
]iI«tbylpniti>cat«cliUBt«,  3S2 
JHrthylpyragallic  acid.  63 
Methylpyrogallol,  £3 
Itethylpyn^allol  dimcUiyl  other,  G4 
Methyl  salicylaldehyde.  337 
Methyl  salicylota.  S05 
Methyl  salicylic  acid,  30.'i 
Mothyl  tBrephthiilBti',  4St 
Methyl  totrahydrotorepbtlialato,  486 
Mothyllolnol,  387 
Methyl  vanillale,  SS2 
Mothylvanillin,  S4S 
Methyl  T«ratratfl,3a< 
llaoamidobotizoic  acids,  237 
tlanethyldihydMiyterephthBUte,6l7 
MoQobninuibetuoic  acida,  223 


MonobKiinDtolueiieB,  10 


MonnchlorobfiuHiii;  ai^idw.  217 
MoBochJorobenienj'l  tticlilori.lo,  lOil 
M  on whloro  toluenes,  8 
MoD<)miurlwuznEiu?i.Ia,  226 
MaDdhydroxytoluuDeanud  allied  Ixxtivs, 

23 
MoDO-ioJolienzaic  acids,  225 
MoQo-jodoreinol.  4l 
Mononitmlwnzoic  ncirln,  229 
Mouoiiilrotoinpnes,  13 
Mososuliihobeuioio  ncids,  288 
Monrajlylmnine,  «2 
Moriutiuiuie  acid,  f56 
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Kajihthalii^  acid,  450 
Wai.htheaic  iioid,  (."iO 
Kitradiaiobeozoic  acid,  262 
Kilranilic  acid,  C20 
i-Nitro-nmidobenBamidB,  257 
B-NitTD'amidobeuzoie  acid,  236 
d-Nitio-nuiiiloWnzoio  ni-M,  256 
>-Ifitro-amid(ibeiixoio  acid,  256 
!-Nitro-amidob«nzoio  avid.  25S 
•-Nilro-aroidobearoio  add,  257 
f-Nitro-amidcFheinoie  acid,  267 
^■Nitro-BTnidcbenj!oic  fti'id.  257 
Nitni-aiiiiilabrimjic  actib,  2riB 
Kitro-amidoBiLlicylic  acid,  318 
liitro-iDiaic  acid,  33 
Ifitrobeimiiic  ankl,  £27 
JJitrclxnrocne,  4 
Nitre  baiuiojcaci  da,  233 
iHitnibeiicytsQlphoiiic  ncid,  109 
Nittococpusic  lucid,  425 
Nltro-dlamidontetBiiylene,  409 
Kitro-diincChylmetatoluidiiie,  62 
Nitro-dracy],  4 
Nitro-dracylieBciii.  228 
Nilrogan  bases  of  benzyl,  110 
Nitrogen  compoundii  of  beni-oyl,  172 
Nitrciteniii.inic  acid.  511 
iNitm-iBOphlhalic  acid,  4S2 
Nitrotueconii],  5{t0 
Nitro-^-iDL-ciiDiD,  501 
Nitrometocresoi,  27 
a-NitroinetabydroKybcnxHldehyda,  2!W 
fl-N  itronit'tohy droxybenialdehy da,  2  U3 
T-SitrometahydrDnybenialdehyd*,  293 
NitroDietahydroxylienzoio  adds,  82S 
■o-NitromBtiliydroiybenzoic  acid,  J24 
d-NitrometahydnixybeDziiic  acid,  S24 
vNitronietahydroiybeuzoic  acid,  324 
-q-Nitromptahydcuxybenzoio  aoid,  324 
Nitrometatolnic  acida,  417 
a-Nitranietalyleni!,  396 
it-Nitrometaiylenf,  866 
r-KitrometaxyUne,  396 
o-NltroB-metsxylidiaB,  408 
j-Nitro-!-inetaxylidino,  408 
r-Kitrol-a-met-axylidinc,  408 


a-Nitro-t-metaxflidine,  408 
Nitromelhimo,  618 

NiCrdiaethylnoroiriaDylhjdrutda,  508 
NitromethylnoropiBnic  acid,  BOS 
Hitromethyliiorheniipinic  acid,  B14 
N'itro-opianio  ncid,  507 
Nitra-flpianjlphenjlhydriwido.  BOS 
a-Nitro-oroinol,  41 
^-Nitio-orcinol,  41 
a-NiCro-orthocrewl,  26 
3-NitrD-Ditbacreso1,  26,  51 
■y-Nitro-orthocresol,  26 
Nitro-orthotolnic  acids,  415 
B-Nitro-orthox;lcDe,  805 
r-Nitni-OTthoxjlene,  395 
a-Nitroparacre«ol,  30 
^-Nitroporacresol.  SO 
Nitrnparahydraxybenzoic  adil,  935 
NitroparahydtcaybeQEaUuhyde,  290 
a-Nitropontoluic  acid,  421 
iS-Nitioparalotnii]  acid,  421 
fl-Nitroparaiolaiiitri],  421 
NitroparaxylcDe,  397 
U'Nitrapanucylidiue,  408 
^•NiCroparaiylidiiif,  4  OS 
7-Nitropnrtixylidiiip,  408 
B-Nitroplitliiilic  acid,  iH 
.-NitrorlithnliciR'id,  473 
Nitrnphthnliu  acids,  ilZ 
B-Kitroplitbalicauhydttde,  475 
B-Nitro-Baiioykldehyda,  232 
S-Nitn>9aHc^Ia1deliyd«,  292 
Hitroaalicyhc  adds,  SIS 
B-Nitrasalioylic  acid,  SIS 
^-Nitrosnlicylic  acid,  316 
Nitnuodibenzylamine,  116 
NitrosD-diniethylmBtatolaidino,  62 
NitroBohemipiuimidine,  EOl 
IfitrosoniethylinetaiiitrobiituienQ,  117 
IfitroBomathylnitrobetuscuc,  147 
KitroBomethylparatoluiditle,  65 
Nitrosomctracresot,  El 
Nitrosoporaijlorcinal,  402  " 

Nitrosophtbalimidino,  444 
Nitro-aubstitation  products,  41.  293 
Hitro-substitution  producto  ot  benzoic 

acid,  227 
Nitro-sabstitDtiaD  products  of  tolueue. 


NoriT 
27( 
NorniHl 
Normal 
Normal 
Normal 
Normal 
Noruial 
Normal 


Ihai 


netosnlpliolcnxoato. 


of     tbe 


IS 

Nitro-mbsCitntioii    prod  n  its 

xylenes,  395 
Nitrosulphobpiwoic  acida.  275 
Nitrotorepbthalsmide,  48S 


NitrotRrephtbalaldchydia  acid,  449 
Nitro-terephthalic  acid,  488 
Nitrototaenc,  13 
fi-Nitrotolaene,  IS 
Nitrotoluidiiio,  15 
Nitrotolaidines,  69 
Nitro-ttramidobfltuioyl,  243 
Kitroiyliiiines,  408 
Norbemipinic  aciil,  4S8 
Normal  barium  bydrotamale,  208 


bariam  a-DttiDsalicylati^,  318  | 
barium  fl-nitrosalipyUte,  Sioj 
btuiuin  panuulpliabeiizoate.27r 
barium  pbthalate,  467 
caloium  beaaimaialatc,  24S 
ethyl  motuuluhobDnxoale,  2ti 
!tliyl  a.Qitrophtbalate,  47S 


Normal  potasduni  snlphiaidephthalate. 


Normal  sodium    dihydroxytBrepbtll 

latp.  516 
Noniiwonin,  498 
NompiaDio  acid,  49S,  602 

0. 

OCTVL  BBNXnATE.  162 

OctaceCylhflicoiilin,  389 
Oil  or  bilter  alnionds,  132 
Opianic  acid,  497,  508 
Opinnic  anhydride,  505 
Opianoximn  aahydride,  513 
Opianyl.  497 

OpianylphciiyUiydnuidB,  507 
Opiniiyl  Bulpbnraui  acid,  506 
OpiniG  acid,  514 
Oroeio,  44 
a- Orcein,  44 
fl- Orcein,  41 
Orcin,  37 
fi'Orcin,  402  - 

Orcino),  S7,  429  ;  properties,  39 
Orcinol  acetate,  4U 
OruiDolaxohenzene,  40 
Orcinol  diethylcarbonntB,  40 
Orciuol  dimethyl  ether.  40 
Orcinol  monomethyl  ether,  10 
Orcinol,  substitution  products  o^  41 
Oicylaldebyde,  127 
Omilbiufl,  103 
Omitburic  add,  193,  193 
o-OrKellic  n<:id,  429 
Onellidio  add,  432.  438 
a-Orsellinic  acid,  429 
Ortbamidohenraldnxinic,  149 
Orthamidabenzaldebydo,  149 
Orthamidolientyl  alcohal.  105 
Oitbo    -   aldebydometahydroxybe 

acid,  402 
Orlho    -   aldubydnjinrubydrorvbeu* 


;ho  ■  ildehydophenoijacelio       »cid, 
!89 

tho^liletiyilosalicf  tic  acid,  191 
'     -amidobciiuiitiide,  210 

^-Bniidobenfoic  acid,  237 

Uio-Binidobenioio   add,  bydrochlor- 
"  ■,  239 

o.amidobeiwoiiitril,  210 

rtho-aniidoptirauoUilaene,  7S 
Mho-azobenzoic  acid,  265 
Ctlio-aiotolncDe,  7S 

loiybenzoic  acid,  26S 


thobenEamoxalic  ni 


214 


.lobeDridenephenylliydraiiiio,  291 
Tthobeniocrefitinine.  243 

Ortl)ob«nzncri!Btiniiie,  244 
thobenioRlyoocjaniidine,  243 
thobMizoic  acid,  1S4 

.  diobciuoylhydcazide,  264 

Tthobanijl  tliioformBte,  106 
■rthobromobenzaMohyde,  145 
tttiobromobeiuoic  scid,  223 
.Mhobtomobeniylalcoliol,  102 
fOrthobromii- bo azyl amine,  IIS 
OrtUobTOtnobenzyl  bmrnide,  102 
Ortholiroiiiotolu«De,  ]0 
Ort  h  ooa  rbony Ijihcny  1  phnspho  ry I    eh!  o- 

ride,  311 
Orthocarboiylpbenylphosphoric    acid, 

311 
OrtliochloiobenzaMehydB,  143 
Orthoclilorabeniidone  chloridB,  143 
Orthochloio  benzoic  ftcid,  144,  217 
OrtliochlorobeDionitril,  218 
Orthochiotobenzoyl  chloride,  E18,  4S3 
Orthochlorocatbonylpbenyl  nietuphoa- 

phate,  311 
OrthoalilornjmmaLtratolucnc,  19 
Orthochlorotalnenei  8 
OrthiKniKol,  24,  25 
Orthacrmyl  benEoate,  1<J1 
Ortbocresyl  oiide,  25 
Orthocyanobenzoic  acid,  lilS 
Orthodiazobonzoic  acid  Ditnile,  261 
Orth(idiaisob«Dzma     acid    seminitrate, 

261 
Orthodibromo-ban/ylaminp,  IIB 
a-OrthodihydroiybpiiHiHtliydB,  343 
Onbodih^droxy benzoic  acid,  351) 
OrthodiDitrotnluene.  17 
Orthaflnorbenzoic  acid,  226 
Oilhoflnorhippntic  acid,  220 
a- Orthohomomutahydroiy benzoic  aciit. 


OrthobydcBZobenzoic  acid,  265 
Orthohjdroazololnene,  76 
Orthohydroiybouzaldehyde,  285 
Orthohydroijbenzidene  acetate,  2S0 
OrtbahydroiybenzidaDO      compounds, 

290 
Ortbohydroiybcnzidflnaxiine,  200 
Orthobydroiybeiixaii:  aciil,  207 
Orthohydroxybenzyl  alcohol,  279 
Orthobydroxybenzyl  ethyl  ether,  280 
Ortbohydroxybenzyl  gliicosido,.281 
Orthohydroxybeiizyl     methyl     ether, 

280 
Orthohydroiymelatoliialdehyde,  422 


420 
^  ■  Orth  ohoin  om  e  tahy  droiy  bi'  m 

426 
O  rtl  lohomoparaliy  droxy  bcnzalduhy  do, 

422 
OrthnhomopHrahydiojybeDroio      acid, 

42? 
Ortbohomosalicylaldcliytli^.  422 
,   Orthobomosklicylic  ac'v\,  424 
I'  Orthohydrazinebouzoii'  ncid,  2111 


OrthohydroiymBthyltanzoic  acid,  '. 
Orthohydroxy  methjlparahy  droxy  ben- 

loio  acid,  490 
Orthohydroxymethjlaalicylic  acid,  490 
OrthahydroxjparatolnaldHhydo,  122 
Orthohydroxjparatuluic  acid,  424 


Ortho-iodobenzoie  acid,  225 
Ortho-iodotolueae,  13 
OrthoiQBthoxy  benzyl  alcohol,  280 
Orthometli  oxypamhy  dioxy  benzaide  - 

hyJe,  343 
Orthomethyl-fl-resorcylio  acid,  300 
OrthonitrobenzoTl  cliToride,  330 
OrlboDitrobenzyl  alcobol,  101 
OrtbomCrobenzaldehyde,  116,  210 
OrthoDitrobenzaldoxinie,  146 
Onhonitrobenzoio  acid,  228,  229 
Orthonitiobeiooiiitril,  230 
Drthonitrobenrfl  ahloride,  105 
Orthonitrobenzyl  iodido,  lOS 
Orthonitrometatalualdehyda,  113 
a-Orthonitrometatoluidine,  TO 
S'Ortbomtrometataluidine,  TO 
a-OrthouitromotbylmetBhydrnxybeiiz 

aldehyde,  291 
B-0  rthonitromnthylmel&hjdraxy  beni' 

aldehyde,  294 
a-OrthoDitio-orthotolnidine,  69 
S-Orthonitro-orthotoIuidine,  69 
Orthaiiitroparatolaidine,  70 
OnhonitrophthaltdD,  440 
Orthonitrotolueoo,  16 
Orthoanlphomidobenzoic  aeid,  23S 
Orthosgilpbohenzaic  add,  208 
OrthotbiDcresol,  31 
Onbotolualdehyde,  413 
Ortbololnauiido,  414 
Orthotolnic  acid,  114 
Orthotolnidinv,  G7 
Orthotoluidiue  hydi;obroniido,  58 
Orlhotoliiidino  hydrpohlorido,  58 
Orthotnluidiiie  ii:tral«,  6S 
Orthotnluidine  oxalate,  G8 
OrthoInlniilirKi  sulphati',  58 
Orthntnhiiiilril,  414 


538 


INDEX. 


Orthotoluylareenic  acid,  86 
Orthotoluylencdiamine,  72 
Ortliotolyl  carbamide,  59 
Orthotolyl  isocyanate,  59 
Orthotolyl  mustard  oil,  60 
Orthotolylphosphcnilic  acid,  84 
Orthololylpbospheiiylous  acid,  84 
Orthotolylphosphonis  dichloride,  84 
Orthotolylstibine,  86 
Orthotolyl  thiocarbamide,  59 
Orthotribromo-benzylamine,  119 
Ortho-uramidobenzoic  acid,  243 
Orthoxylene,  888,  889,  890 
o-Orthoxylonol,  400,  401 
u-Orthoxylenol,  40D 
Orthoxylenesulphonamide,  398 
Orthoxylenesulphonic  acid,  398 
Orthoxylenesulpbonic  chloride,  898 
Orthoxylidene  tetrachloride,  447 
o-Orthoxylidine,  406 
vOrthoxylidiue,  406 
Orthoxyloquinol,  403 
Orthoxyloquinone,  404 
Orthoxylyl  alcohol,  411 
Orthoxylyl  bromide,  412 
Orthoxylyl  chloride,  412 
Orthoxylylene  acetate,  440 
Orthoxylylene  alcohol,  439 
Orthoxylylene  bromide,  440 
Orthoxylylene  chloride,  439 
Orthoxylylene  ethyl  ether,  439 
Orthoxylylene  iodide,  440 
Orthoxylylene  sulphide,  440 
Orthrin,  128 
Orthyleno,  439 
Oxalamidobeuzoic  acid,  249 
Oxalauthranilic  acid,  244 
Oxides  of  benzoyl,  IGO 
Oxybenzonitrisulplmrif;  acid,  199 
Oxybenzuramic  acid,  250 


r. 


Paha-acetobenzyl  acetate,  281 
Para-acetoxvbeiizoic  acid,  330 
Para-jildehydometahydroxybenzoic 

acid,  492 
Pcira-aldehydosalicylic  ncid,  491 
Para-amidohydroxy metlivl  benzoic  acid, 

446 
Para-aniidopara-azotoluene,  78 
Para-azotoluene,  76 
Parabeuzideiie  sulphide,  138 
Parabenzoidiospheiiilic  aoi<l,  84 
Paral»r(>molienz,'ildehyde,  145 
Parabr(»inobenzoi(;  acid,  221 
Parabroniolienzyl  acetate,  102 
Parabroniobenzyl  alcohol,  101 
Paral-roniobcnzyl  bromide,  101 
Parabromotolueiie,  11 
Paracarbamidobenzoic  acid,  25 1 


Paracarbonylorthophosphoric  acid,  332 
Paracarbonylphenylphosphorj'l      chlor- 
ide, 332 
Parachlorobenzaldehyde,  144 
Parachlorobenzoic  acid,  9,  221 
Parachlorobenzoic  acid,  221 
Parachlorobenzyl  acetate,  101 
Parachlorobenzyl  alcohol,  99,  100 
Parachloro-benzylamine,  118 
Parachlorobenzyl  bromide,  101 
Parachlorobenzyl  chloride,  100 
Parachlorobenzyl  ethyl  ether,  100 
Parachlorobenzyl  hydrosulphide,  106 
Parachlorometacresol  methyl  ether,  32 
Parachlorometatoluene,  19 
Parachlororthoniti'otoluene,  19 
Parachlorotoluene,  9 
Paracresol,  23,  24,  26,  28 
Paracresyl  benzoate,  164 
Paracresyl  oxide,  28 
Paradiamidobenzylamine,  120 
Paradiazo-amidobenzoic  acid,  263 
Paradiazobcnzoic  acid  nitrate,  262 
Paradichloro-benzylamiue,  118 
Paradihydroxybenzaldehyde,  849 
Paradihydroxy benzoic  acid,  361 
Paradi-iodo-benzy  lamina,  118 
Paradinitrobenzylamine,  119 
Para-ethoxybenzoic  acid,  330 
Parafluorhippuric  acid,  227 
Parafluorbenzoic  acid,  226 
Parahomometahydroxybcnzoic        acid, 

425 
Parahomosalicvlalduhvde,  422 
Parahomosalicvlic  acid,  423 
Parahydrazobenzoic  acid,  266 
Parabydrazotolucue,  76 
Parabydroxybenzaldehyde,  294 
Parahydroxybeuzaldoxime,  296 
Parahvdroxvbenzaniide,  333 
Pnrahydroxybenzauilide,  333 
Parahydroxybenzide,  332 
Parahydroxybenzoates,  328 
Parahydroxybenzoic  acid,  108 
Pamdroxybenzoic   acid,  320  ;  substitu- 
tion ])ro«lucts  of,  334 
rarahydroxybenzouitril,  334 
Parahydroxybenzoylparahydroxy-bon- 

zoic  acid,  331 
Parahydroxybenzoyl  sulphuric  acid,  33G 
Pamhydrox}  benzuric  acid,  333 
Parubydioxy benzyl  acetate,  284 
Purabydroxybenzyl  alcohol,  283 
Parahydroxy benzyl  methyl  ether,  284 
Prtrahydroxybenzyl  thio-carbiniide,  284 
Parahydroxymetatoluic  acid,  427 
Parabyd roxy met atolualdehyde,  4 22 
Pnrahydroxymetbylbenzoic  aci<l,  442 
ParahvdroxvmetbvlsalicvHc  acid,  490 
Parahydroxyorthotolualdelmle,  422 
Parahydroxyorthotohiic  acid,  426 
Paraliydroxyphenylacetonitril,  284 
Para-iodobcnzaldehyde,  1 46 
Para-iodobcnzoic  acid,  225 


Paio-iodobpnzy!  nkolioi,  102 
Para-iodo- benzyl  BmiDe,  113 
Para-ioJobeniiyl  liromide,  103 
Pata-ioilotoliii'iie,  13 
PartLleaconiliiie,  143 
Pamlencotolui'itiie,  77 
pBramathozflMinioic  tcM,  32) 
Paramethoxybeozylamine,  2Si 
Pammethoz;b«nxyI  chloride,  3Si 
Paramethjl-fi-Tesoroylic  add,  300 
Paramethoiyialicylaldehyde,  8  ID 
Paramiitabeiix>lil«nyde,  ISO 
ParamidobfiwaldoHin*,  160 
Paramidobeiizainide,  !G3 
PoramidobeiuaDilril.  2S3 
PaiMnidabcuoic  sri'l,  253 
Pininiidflboiiwric   acid    hydrocblorido, 
253 


ParamidonhtbalidB.  US 
PanniitrobFiuultleliyde,  143 
I'arnailrobenzaliloiiuie,  140 
ParBntUDbenzamidfl,  232 
Paranitrobenridflne  broraidp,  H8 
Paranittobenzidi'ne  ciiloride,  H8 
PsianiCiobeiiEoic  acid,  238 
PamiitrobenioTiitri!,  233 
Paraiiinolienrayl  chlorid^  232 
I'aranitrobciiBvl  acetate.  194 
Paraaitrobemyl  alruJml.  99,  103 
PaiaDitrobeuzylamtriL^,  119 
Parauitrobeniyl  hiniiiiili,  flO,  103 
Parauitrob«uiyl  uhi'iriik-.  103 
raianitrobeitzyl  byilrosiUphide,  106 
I'nrinittclu'aiivl  iodide,  103 
rarH]iilrclj'4L«}-l  uitrate,  108 
PuritiitrntiKnzyl  oxalate,  104 
Paranitrolwuzyl  tliiocyaoate,  123 
PnranitroboniylyphL-nrlamino,  119 
pBranitro-diainidatrip  fieny  Imsth  nn  c, 

14S 
runmitrohippuTic  acid,  S33 
i'arsnitrohydnxyniuthylbc'nzoic    acid, 

446 
Taranitro  uiothy  1  n  lu  (tthy  ilroiy  Iwnaildc- 

liyJe,  i3i 
raranitrotdtieiie,  15,  IS 
Parantlra'arUiotolaidiDe,  69 
ParatiiCrophtbalide,  44G 
Para-otMllinaldehyda,  427 
ParB-orsaUisii;  acid,  d3S,  438 
P.-ira]ihBQOiyb«u«oic  aci<I,  ail 
ParR[ibos]ihorselliuic  auid,  430 
1^1  oroHiD  nine,  148 
Parnroaotoluidine,  77 
I'anteidplianiidobiinjmir  BJ;id,  273 
Parasiilpliamido-orthotoluic:  acid,  41iJ 
1'nrathioi.TeBol,  31 
i'Bratolunliklijdfi,  413 
I'HrutoluBtiiidc,  4IB 
PnratoliiykiiGcliainine,  73 
Pnratoluiii  aoid,  418 
Paratotuidine,  63 


Paratoluidiiic  liydrobromidu.  6 
Puratoluidine  hydroohloride,  6 
PnrotulmdiKi:  nitrate,  64 


Pamtoluil  cliioiitle,  410 
Para tolyl  benzoyl  tUio-aroa,  170 
PaiJtolyllioron  chloride,  87 
Paratolyl  carbamide,  06 
Paratolylhydraatao,  76 
Paratolyl  innBtard  oil,  87 
Paratolytphaapbenilic  acid.  83 
Paratolyl  phoaphe  nylons  add,  83 
>'nratj)lyIiihospbine,  84 
I'm-nliiU'lphoapboDium  iodide,  Bl 
I'.iiitiilvljiliospho'nis  dicbloride,  83 
I'.iKil'ilylphaspboms  oxychloride,  S3 
i\ii-jtcilvl!iliosphoras  tetrachloride,  83 
i'aralulylBLlicio  acid,  87 

raratoIylailiMQ  pJiloride.  87 
ParatoivUilicon  oxide,  87 
Panitnlylatibine,  86 
ParatolybitiMDe  bromide,  86 
Paratolylstibine  cljoridu,  86 
ParatolvlatibiDe  hydroxide,  SS 
Paratolylatibine  iodid  ,  86 
Paratolylfltibine  oiide,  86 
Paratolyl  ibiocarlflmidp,  67 
Priniliilvl  tliimniliiraidea,  07 


■,  67 


I'ur 


■■lilDr 


,yian 


*.  180 
ne,  118 

t.  118 


-icHlo-biMizylntaba,  IIS 
PaliilrinitrobeniylBmine.  US 
Para-uramidobeu/oie  Birid,  254 
Pamivlyl  nlcohol,  412 
ratBiylunol,  401 
pEiraTvlcne,  3SS,  3S9,  391 
Paraiylpnpsnlplwnii.il',  a99 
Paroxyk'n«iat].bonip  aad,  309 
Paiuii-ti:nc3ult>boDic  clilonde,  399 
I'araxylidine,  407 
Paraxylirlene  tettsebloriile,  448 
I'araxyloquinol,  403 
Pntaxyloquinone,  404 
Pataxylorcinol,  402 
Paraiylylpne  acetate,  441 
Faraxylylene  alcohol,  441 
Paraxylyl  bromide,  412 
Pamxylylunc  bromide,  441 
Faraxylylone  chloride,  441 
Paxaxylylene  iodide,  441 
Paraxylylene  monobenzoato,  442 
ParaxylvlBne  moiio-elhyl  niher,  441 
Paraxylyl  elhyi  ether,  412 

Panuohcnwic  acid,  286 
Ponta-acety]t4Uintti,  374 
Pentabrotnobenroic  wdd,  226 
PentnbroiQordDol,  41 
Pentjihromotoiuene,  12 
Pentaclilorobonzideno  chloride,  8,  146 


^^^^^^^^H 

PcntBcliloroWniyl  alcohol,  loo 

Plithakmil.  40* 

PenUchlorolwQiyl  tliloridc,  101 

rhths  anilic  acid.  464 

PcDteclilororcinol.  ■*! 

Phlhn  eios,  458 

Phthsicacid,  439,  4S1,  452 

Pontschloroiylone,  S4 

Phths  io  acid,   additioQ    prodacU  ot. 

FeiBio,  44 

4S9 

Pctutid,  »0 

Phtbslic    acid,    halo^ien     siibstilution 

Petrol,  387 

producUof,  471 

Phenol.  MT 

Phthalio  ■elds,  450 

Phthalic  anhydride,  457;  npinmliurul 

PhenyUcetonitril,  113 

Ph«iylMeturkftcid.]e6 

«-PbihalicauIpban.ie  aeid.  477 

Phthalide,  442,  158 

Phihalide-snil,  145 

Phthalideliydrwide,  115 

141 

Fblhalimids,  403 

Phthalfraide  oiime.  489 

Pheuy)  benaiite,  183 

Phlhalimidine.  141 

Phonylbenioyl  thio-nKi.  17B 

Phthaliiiie  acid.  101 

Pheoylchlorocwbylethyl  otlicr,  100 

Phthalykoelic  Jicid,  158 

Phenylchlororomi,  IBS 

Plithaiyl  chloride.  4G3 

Phthulyldiauiide.  488 

PhenjIenediethyUcetoiie,  462 

Phthalylbydroxylsmine.  106,  18S 

Phthalyl  salphide,  403 

Picnmyl.  ISO 

608 

Picroerythrin.  129,  131,  431 

I'hcnylliyditixyitn'Hc  odd,  133 

Piperonic  arid,  365 

Phcnylorthotolylumine,  GO 

Piwronyl  alcohol.  347 
Poiysulicylnitril,  313 

Phnnylmrthyl,  89 

Pomiwe«,  181 

Phwiyl  methylMlicylaU.  308 

Populin.  282,  817 

PhenylDitro-ethyleoe.  136 

Potassium  bnmdena  sulphile.  137 

PotBBBium  cvauiita,  618 

Potaaiam  dinitroparacreaite,  81 

Pnljwaiuni  dinitroaalicylale.  817 

Phenybbthnlimiilins  U5 
^^B            Phenyl  propiouitnl,  122 

Fotaminm  Rallate,  SOS 

P/ttaka!i,in  liAm i nifiinti i1  ,t    f^ljt 

x^ouu,!*iLiin  [lemjpiiumLua,  oi.o 
PolBssium  hippnrato.  Ififl 
Potassium  hyifroxyphlbalaiaal^  «r 

^B          Phenyl  salicylutc,  307 

^H          Phenyl  U'rpphlhaUtf,  *84 

^m          PhcDylthinbenznnude.  17S 

Potaaaiani  opianate,  GOl 

^B           Phenylthiabenzonte,  171 

^B          Phlorone,  401 

^H          Phoaphoriellinanilide,  433 

PotHSsium  adicytate.  302 

^H          PhoBphoracUuiic  Hcid,  433 

^1              124 

^H          Phosplioma  denviLlires  of  toluene,  83 

Proin.  128 

Propenyl  lalicyiate,  308 

^H             sotion  upon  wlicylic  ncid,  SOD 

Propyl  bcnzoato.  162 

^H         Pbospho-Balieylic  acid,  309 

Propylene.  21 

^H         PhUulalcohol,  439 

Propylene  beniotttc.  108 

^H          PhthalBldehyde,  442,  417 

Propyl  salieyUtf,  800 

^H         Pbtbalaldehydic  ii<.'id,  447 

Propyl  terephthakW,  431 

^H          PhthBlusIc  Bctd,  403 

Pro  ocBtochuic  add,  3»0, 357 

^^^^^^^^^^^^HH 

^^^^^^^"                                                 H 

PiolwatechaicslcJehy.lf.  313 

Pseudoerythrin,  423 

Silicon  naratolyl,  87 

Silican  tetrabenxrl.  127 

Silver  bcnzoate,  101 

Q- 

Silvet  bGnzaphoaphinato,  m 

QnitciMERio  Bcid,  609 

Silver  isophthalate,  478 

Qninatea,  th«.  B8i 

Quiuio  acid.  188.  881 

saver  inetis-ilphobenzoato,  270 

Qniiio]di(!arl)oxylic  acid,  515.  618 

Qninon«Iihydrodicarbracylicaci.l,  518 

SilvOT  opianitc  601 

Qninoiioxime  lienzoote,  105 

Silver  orthohydroiymethylbenaxiM, 

442 
Silver  MtuhydroxybonKoato,  328 

B. 

RMOnCtSOLIUCARBOltTI.IC  (will,  515 

Silver  piperonale,  3SS                           ^^^ 

^-K«H>rcy1aldehTde.  318 
B-Kasorcylic  acid.  358 

Silver  qiiintte,  334                              ^^^^H 
Silver  salicylote,  304                          ^^^^H 

0-BeBorcylic  acid,  3RE).  437 

7-H*aorcylic  acid,  360 
ftetiDBph.ha.  3 

^^^^H 

Sinapic  acid.  376 

BibboD  Lilmiis.  49 

SinapiB,  376 

S. 

Sodium  benridene  anlphite,  187 

Sod  am  benwale.  IBO 

Sarchabin,  269 

Sod  nm  gallate.  888 
Bod  um  Eippurate,  189 

Sttfrauine,  80 

Salicin,  281 

Silicyl.  2SB 
&dio-l  "Icohol,  279 

Sodium  ortboiylcuesulphoMte,  398 

Salifytnldehydn.  286  ;  proptrtiea.  286 

Sodium  pttrahydroxybenioate,  328 

Salicylnlduhyde,  aubstitution  prodtiuU 

of,  292 

Sodium  phonyUnecarbonate,  299 

Sodium  qninale,  SS4 

Sodium  salicylate,  302 

Balicyl  chbraliUdB,  308 

Eidicyl  chloride,  310 

Spitsic  acid,  286 

Salicyt  hyJride,  285 

SpiroyI  hydride,  285 

SpiroyloOB  acid,  285 

SaUcylioacid.  108,  157.  297 

SaUcylic  acid,  ethereal  ealtB  of,  SOB 

Strontinm  hippurate.  189 

Salicylio  acid,  aobatitution  prwlacta 

Snbstitutioii  produeta  of  beu^l  alcohol 

of.  318 

and  its  dnrivRtives,  88 

Salicylic  ethBrs.  308 

Siitstitntion  produBla  of  nnigic  netd. 

Salicylic  othera,  othLTcal  salla  of,  307 

sse 

Salicylido,  308 

Salioylnilril,  313 

Snhstitutiou  prodncta  of  bcuEylamines, 

118 

819 

acid,  181 

Salicyluric  acid,  312 

Substitution  prodocU  of  metahydroiy- 

8a1i);e9loii,  279 

beuiofc  acid,  323 

Saliiutiii,  2S0 

Sa1)Blilution  prodncla  of  parahydroiy- 

8aUr»ton,  280 

benzoic  acid.  334 

Salol,  307 

Substitution  products  of  mlicjl-alde- 

Salt*  aod  others  of  iKjnzoic  loid,  160 

hydf.  292 

SulMtitntion  products  of  tcrephthiliu 

acid,  4B8 
SnluiitatioQ  prodacU  of  tlio  xjicuos, 

Siil|>hanu(iphthilic  uiliyiiride,  477 
8lil|iliiunid[)l>aiizoiiitril,  272 
B-Sal[iluiiiiduineUto1uii:  acid,  418 
thSulpliamidametatoliua  acid,  413 
Sul{ibaiiiidatwtatolmc  add.  421 
BDlphiuidepbthilic  acid,  477 
Snlpbobenioic  add,  SO 
SalphobenEo;!  tijdride,  138 
a-Sulpho-Lsophtludic  acid,  483 
•-3ulpht>-iacipbtlialic  acid,  482 
SnlpbonieliinydrQxjbenzoiu  acid.  S2S 
SiilphopitnkhydroiybeiiioicaciJ,  38S 
Sulplioparatoluic  acid,  421 
a-SuIphopbthnlic  ndd,  476 
D-Sulphophtbi!ie  acid,  477 
Sulphophthalic  acida,  476 
Sulphorthotaluic  aeiJ,  415 
Sitlphosolicjlii:  acid,  31S 
Sulphaterephthalicacid,  490 


Salpbnr  com  pounds  of  benzoyl,  170 
SnlphnT  campouDda  of  ben^l,  105 
Symmetnc  a-^iamido-aiotomet 


Syntmetiio  fl-diamido-aiotolneDB,  79 
Symnutric  diiienxyl  tbiocarlaEoide,  124 
Syimnatrio  dibenlyl  urea,  123 
Symmetric  dinitrojanitoluidine,  71 
Sjrmnwttia    dipbenylbcDteuyUmidiiiD, 


Tasnates,  374 

Taunic  acid,  305,  371 

Taunin,  371  ;  propBrties,  373 

Taitropllthalic  acid,  470 

TfturyUc  acid,  23 

Tclorytbrin,  428 

TcrephthaJaldehydo,  447 

Terephtbalilduliydic  aciii,  449 

Terephtbalunie  acid,  486 

Terepbthalamiile,  48G 

Teraphtbalia  acid,  4B1,  483  ;  addltiot 

ptodncla  of,  486  ;  aubatitulion  prn 

ducts  of,  483 
Terephthalouitril,  485 
Terepbtiiiilyl  chloride,  486 
Tetrabromotecaooric  acid,  434 
Tetrabromametazylenp,  394 
Tetrabroiaouietbane,  IS 
Tetrabroiuopiuiixjtflna,  !)9S 
Tetrabioniophthalic  aciii,  473 
TetrabromOTthoiyleno,  304 
TetrabromoluencB,  IS 
Tetracetylheliciu,  289 


Tetraclilorobeuisl  chloride,  8 
Tetraohlorobenzidene  chloride,  145 
Tetraclilorobenzoic  acid,  292 
TetiachlorobaiiEyl  alcohol.  100 
Tetmeiilotobeniyl  chloride,  101 
Totjachlorobenionyl  trichloride,  198 
Tctracblorocreocoue,  30 
Tctracbloroguaiocone,  3S 
Tetrachlorophtb alio  add,  1>2 
Tetrachlororthoxylene,  S93 
T.'trachlorotoluene,  10 
Tetraehiorotolnnmnona,  50 
Ti-trahydro-isophthalia  add,  481,  487  1 
TetrahydrometaivIeDe,  391 
Tatrabjdiophtbafio  acid,  470 
Tetrahjdroterephtliidic  said,  4SS 
Tetrahydrotoluene,  8 
TetiBhydroxyhexhydrobenxoicadd,  381 
Tetrahydroiypbthalic  adds,  519 
TttrabydroKjtcrcpbtbjUic  iidd,  510 
Tetmsalieylide,  3M 
Thallium  metahydroxybcnxoato,  331 
Thallium  galicTlatu,  303 
ThiobeozttlJiiic,  UO 
Tbiobenroniidn,  177 
TbiobcDzauilide,  17S 
Thiobfluzoic  acid,  170 
Thiobenzoic  anhydride,  171 
ThiocrcBolo,  31 

ThiometahjrdroxybenMicftciJ,  32S 
Thio-opianie  acid,  507 
Thlophlhalic  anhydride,  462 
Tliiotoluidine,  73 
Tolaaldohydas,  the,  413 
TolubuUBldehydine,  143 
Toluene  3  ct  teq.,  propertiea,  6 
Toluene,  amido-deriTativas  of,  54 
Toluene,  antimony  derivatlres  of,  m9 
Tolusofl,  arsenic  ttertTatives  of,  si 
ToiiWBo,  Mo-deriv»tiTf«  of,  76  , 

Toluene,  boron  and  silicoa  deriratlv^ 

of,  87 
Tolncno,  diazo-deriTntivee  of,  7^ 
Toluenedianl  phonic  acids,  22 
a-Tolueuedisnlphonic  odd,  S2 
S-Tolaenadiaulpbonic  add,  99 
7-TolueiicdisQlphonio  add,  9S 


!  grouji, 


■  .1. 1- 


■-«  of.  r 


Toliie 

Tolii^T^ 

Tolu^'ii.'. 

Tolu..!]., 

Tolueii.'; 

ToIUTUILI 

Toliioucn 
TolucBcn 
Toluonepsrasu  _ 
TolueDDparaaul  phonic  acid,  SI 
Toluoneparasnlphonic  chlorida,  H 
Toluene^DrthoBlllphaaic  acid,  SI 
y-TatneDeBnlpbouic  acid,  23 
Tolueoeanlphonic  adds,  30 


t,SI 
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Toluic  acids,  414 
Toluidine,  4,  14,  111 
Toluidinedisulphonic  acid,  22 
Toluidines,  64 

Toluidines,   halof:jen  substitution  pro- 
ducts of  the,  67 
Toluol,  386 
Toluquiiihydrone,  50 
Toluquinol,  48 

Tolu«|uinol  dimethyl  ether,  48 
Toluquinol  monomethyl  ether,  48 
Toluquinone,  49 
o-Toluc^uinone  chloriraide,  51 
Toluquinone,  substitution  products,  50 
a-Toluquinonoxime,  50 
j8-Toluquinonoxime,  51 
/3-Toluquinonoxime  acetate,  51 
Toluquinonoximo  compounds,  50 
Toluricacid,  419 
Tolusafranine,  80 
Tolusafranine  hydrochloride,  81 
Tolusafranine  nitrate,  81 
Tolusafranine  picrate,  81 
Toluylcue-blue,  82 
Toluylene-red,  82 
Toluylene-violet,  82 
Tolyl,  410 

Tolylarsenic  acid,  85 
Tolylboric  acid,  87 
Tolylcne<Uamines,  72 
Triaoetoxymetaxylene,  403 
Triacetylgallic  acid,  370 
Triamido-azobenzoic  acid,  264 
Tri-amidobenzoic  acid,  260 
Triamidometaxylene,  409 
Tribenzhydroxylamine,  207 
Tribenzhydroxylamine,  211 
o-Tribenzhydroxylamine,  212 
/3-Tril>enzhydroxylamine,  212 
7- Tribenzhydroxylamine,  212 
Tribenzidenediamine,  189 
Tribenzo-arsenic  acid,  85 
Tribenzoylphloro-glucinol,  164 
Tribenzylamine,  110,  115 
Tribenzylaraine,  hydrochloride,  116 
Tribenzylamine  nitrate,  116 
Tribenzylamine  sulphate,  116 
Tribenzylarsine,  126 
Tribenzylarsiue  dichloride,  125 
Tribenzylarsine  oxide,  126 
Tribenzarsenic  acid,  278 
Tribenzarsenious  acid,  278 
Tribenzylarsonium  iodide,  126 
Tribromobenzoic  acids,  225 
a-Tribromomotaxylenol,  401 
j-Tiibromometaxylenol,  401 
v-Tribromometaxylenol,  401 
Tribromoparaxylenol,  401 
Tribromophthalic  acid,  473 
Tribromorcinol,  41 
o-Tribromorthoxylenol,  400 
Tribromotoluenes,  12 
Tribromotoluquinone,  50 
o-Tiichlorobenzaldehyde,  145 


/3-Trichlorobenzaldehyde,  146 
o-Trichlorobenzidene  chloride,  145 
i3-Trichlorobenzidene  chloride,  145 
o-Trichlorobenzoic  acid,  222 
^-Trifhlorobenzoic  acid,  222 
7-Trichlorobenzoic  acid,  222 
Trichlorobenzoic  acids,  222 
Trichlorobenzyl  alcohol,  100 
Trichlorobenzyl  chloride,  101 
Trichlorobenzenyl  trichloride,  196 
Trichlorophthalic  acid,  472 
Trichlororcinol,  41 
Trichlororthoxylene,  393 
o-Trichloro  toluene,  10 
j8-Trichlorotoluene,  10 
Trichlorotoluquinone,  50 
Triethyl  benzylammonium  iodide,  116 
Triethylfiallic  acid,  369 
Triethylhydroxyquinolcarboxylic  acid, 

380 
Triethylpyrogallolcarboxylic  acid,  879 
Trihydroxybenzoic  acids,  363 
Trihydroxybenzoic  acids,    constitution 

of,  3S1 
Trihydroxymctaxylene,  403 
Trihydroxyphthalic  acids,  519 
Trihydroxytoluenes,  63 
Trihydroxy-xylenes,  403 
Tri-iodorcinol,  41 
Tri-iodosalicylic  acid,  815 
Triketohexhydrobenzene,  518 
Trimethylamido-anisic  acid,  338 
Trimethylamidobenzoic  acid,  248 
Trimethylamidosalicylic  acid,  318 
Trimethyl  anise-betaine,  338 
Trimethylene  benzoate,  163 
Trimethyl  ether,  478 
Trimethylhydroxyquinolcarboxylic 

acid,  380 
Trimethylorthotolylammonium  iodide, 

59 
Trimethyl  para  tolylammonium    iodide, 

65 
Trimethylphosphobenzobetaine,  276 
Trinitro-amarine,  148 
Trinitrobenzene,  symmetric,  18 
Trinilrobcnzoic  acid,  235 
Trinitrohydrobenzamide,  148 
Triuitrometahydroxybenzoic  acid,  324 
f-Trinitrohydroxy toluic  acid,  425 
Trinitrometacresol,  28 
Trinitrometaxylene,  396 
Trinitroparaxylene,  898 
Trinitrophenyl  benzoate,  164 
Trinitro-orcinol,  42 
Trinitro-orthoxylene,  396 
a-Trinitrotoluene,  17 
/3-Trinitrotoluene,  18 
7-Trinitrotoluene,  18 
Trinitrotoluenes,  17 
lYiopianide,  505 
Triparatolylarsinc,  85 
Triphenylbenzylphosphonium  chloride, 

125 
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Trisniphometabydroxybenzoic 

826 
Trixylylamine,  418 
Tuluol,  4 

U. 

Umbellic  acid,  829 
Uramidobenzoic  acid,  249,  252 
Uramidobenzoyl,  242 
Uronitrotoluic  acid,  104 


V. 
Vanilla,  345 
Vanillic  acid,  352 
Vauillic  acid  glucoside,  352 
Vanillin,  844 
Vanillin  glucoside,  347 
Vanillyl  alcohol,  346 
Veratric  acid,  854 
Victoria  yellow,  31 


X. 

Xantharocellin,  436 
Xylene  gronp,  380 
Xylenes,  390 


acid,       Xylenes,  amido*deriyatives  of  the,  405 
Xylenes,    diamines  and   triamines  of 

the,  409 
Xylenes,  halogen  substitution  products 

of  the,  392 
Xylenes,  nitro  substitution  products  of 

the,  895 
Xylenes,  substitution  products  of  the, 

892 
Xylenesulphonic  acids,  398 
Xylenols,  399 

Xylidenyl  pentachloride,  447 
Xylidines,  405 
Xylol,  886 

Xyloquinones,  the,  404 
Xyloylamines,  412 
Xylyl,  410 
Xylyl  alcohols,  411 
Xylyl  bromides,  412 
Xylyl  chlorides,  412 
Xylyl  compounds,  410 
Xylylene  alcohols,  439 
Xylylidenediamine,  448 


Z. 


Zinc  hippurate,  189 
Zinc  phthalate,  458 


THE  END. 
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